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Executive Summary

Geo Solutions was retained by the North Carolina Pork Council to review and
evaluate water quality data collected as part of a U.S. Geological Survey (USGS)
study. We were tasked with evaluating (1) the reliability of the data and whether it is
sufficient to achieve the study’s primary objective of characterizing surface water
quality associated with swine CAFOs in eastern North Carolina; (2) the deficiencies,
if any, in the design and execution of the USGS stream sampling plan; and (3) the
data’s value, if any, in identifying variables that most closely correlate with nutrient
impairment in agricultural watersheds, and thereby serve as the basis for targeted

initiatives to improve surface water quality in these watersheds.

In addition to reviewing and evaluating the USGS stream sampling plan and
conducting a statistical analysis of the USGS data, we also collected, plotted, and
analyzed data for each of the watersheds monitored by the USGS, including the
boundaries of the watersheds, the locations of the USGS monitoring stations, the
extent of the stream/river network that drains into the monitoring stations, variables
known to affect surface water quality (including, but not limited to rainfall, land use

and land cover, and soils distributions) as well as swine and poultry population data.

The design and execution of the USGS stream sampling plan is seriously flawed. We
found a number of significant deficiencies and limitations in the plan that prevents
drawing accurate conclusions from the data. These deficiencies and limitations
included too few samples to conduct a valid statistical analysis of the data, significant
differences in watershed sizes, soil types, rainfall amounts, and land use and land
cover between the background watersheds and the swine and swine/poultry

watersheds. The USGS’ small data set, the failure to account for the variables
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associated with the differences in watersheds, and its failure to collect discharge data
and conduct downstream sampling prevented us from using the data to draw any
meaningful conclusions about the water quality impacts of swine CAFOs in eastern
North Carolina, and led us to conclude that the USGS data are not sufficient to
reliably characterize surface water quality associated with swine CAFOs in eastern

North Carolina.

Further, there is no correlation between the average and maximum nitrate
concentrations in the USGS data compared to the animal population numbers for each
individual watershed monitored by the USGS. Accordingly, we concluded that the
basic premise that the number of animals in a watershed control water quality is not

proven by the USGS data.

The spatial analysis completed as part of our evaluation shows that the differences in
stream nitrate concentrations observed by the USGS in the monitored watersheds are
related to watershed size, buffer size, land use and soil types in the watershed, and not
to the number of animals present. This finding is in line with previous studies, which
have indicated that the distribution of land use and soils in the watershed, and
especially in the riparian buffers, are the primary factor controlling water quality in
receiving streams.  Targeted initiatives to improve surface water quality in
agricultural watersheds should focus on land use and soil types in river buffers rather
than on the number of animals present in the watershed. Implementing cost-effective
changes in critical watershed buffer areas can provide for sustainable water quality

protection in receiving streams.

1
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SECTION 1 - INTRODUCTION

The United States Geological Survey (USGS) is in the process of completing a study titled
“Characterization of Surface-Water Quality Associated with Swine CAFOs in Eastern North

Carolina”.

According to USGS, the lack of water quality data associated with swine CAFOs in the coastal
plain of North Carolina has made it difficult for the State to assess the effects of swine CAFOs
on nutrient concentrations in surface waters. The study’s objectives, therefore, are to
“characterize stream water-quality conditions in coastal plain watersheds' to document whether
swine CAFOs have a measurable effect on surface water nutrient concentrations” and to
provide a scientific basis for state policy makers and regulators to determine whether and to
what extent new regulations are needed to protect and enhance nutrient impaired streams in

eastern North Carolina

Although USGS has not issued its report on the study, it has completed water quality data
collection and posted the data on the project website. In light of the study’s focus on swine
CAFOs, the North Carolina Pork Council engaged Geo Solutions to review and evaluate the
USGS data to assess whether the data collected by USGS are sufficient to achieve the study’s

objectives.

This report presents the results of the following evaluations:

! According to US EPA Watershed Management Units are based on area. In this evaluation most watersheds are less
than 10 square miles in arca. As such they would normally be classified as Subwatersheds.

* More information on the study as well as the water quality data collected by USGS and reviewed and evaluated by
Geo Solutions is at the USGS project website at http://nc.water.usgs.gov/projects/cafo/index html.

ED_002446_00000563-00008





July 29, 2019 EPA-HQ-2017-007907

1. Design and execution of the USGS Stream Sampling Plan, including the category
designations, the sizes and locations of the watersheds, comparisons of rainfalls, geology,
and geomorphology between background and CAFO watersheds, and other factors

affecting comparisons between background and CAFO watersheds;

2. Numerical analysis of the USGS water quality data including a statistical analysis of the
data set, and an examination of the deficiencies and limitations of the study including the
small numbers sampling bias, the absence of discharge (flow) data, the absence of paired
watersheds or lack of any downstream sampling, and the differences in sizes of the

different categories of watersheds.

3. Spatial Analysis to evaluate whether the USGS Data can be used to establish correlations
between stream water quality and the numbers of animals in the watersheds, or if the
stream water quality data is better correlated to watershed size or changes in the land
cover and land use and soil types in the watersheds or in the stream buffer areas of the

watersheds.
SECTION 2 - Stream Sampling Plan Evaluation

USGS collected surface water samples from stations in USGS-defined watersheds that were
believed to represent swine CAFOs (SW), swine and poultry CAFOs (SP), and “background”
watersheds believed to contain no swine or poultry CAFOs (BK). FEighteen stations in each of
the three categories (a total of 54 stations) were sampled every other month during a 10-month
period June of 2012 to April of 2013), yielding a total of six samples per site and a total of 324
samples for all 54 stations. The samples analyzed by USGS included the following analytes:
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Constituent Analytes
group
Field Specific conductance, pH, temperature, dissolved oxygen
measurements
Nutrients Ammonia + organic nitrogen, ammonia, nitrate + nitrite, total

nitrogen, ortho-phosphate, total phosphorus

Major ions Calcium, chloride, magnesium, potassium, sodium, sulfate

Table L Partial list of analytes measured by the USGS for all basins.

USGS’ analysis also included several light stable isotopes that can be useful in identifying the
source and degradation of nitrogen compounds. These include nitrogen and oxygen isotopes of
nitrate and hydrogen and oxygen isotopes of water. However, because of extensive natural
attenuation of nitrate, the nitrate isotopes in the USGS data are not useful in nitrogen source
identification. Since there is no discharge data or adjacent groundwater information, the water

isotope data is not useful for determining groundwater inputs into the drainage basins.

It should be noted here that there is a discrepancy between the stream sampling plan outlined on
the project website and the sampling actually conducted by USGS. Although the plan calls for
one year of monitoring, samples were taken for only 10 months. The website offers no
explanation for USGS’ deviation from the sampling program outlined in the plan. More
important, however, is the fact that too few samples were collected and analyzed to adequately
complete of one of the most important tasks outlined in the project scope of work. The project
website states that a “statistical analyses will be conducted to examine relations between
watershed variables and water-quality conditions at the stream study sites”, but as explained
later in this report, six samples at each site provides too little data to produce reliable results from

a statistical analysis.
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Based on the site location information provided by USGS, we were able to identify the drainage
boundaries of each of the 54 watersheds that were sampled by USGS (Figure 1, Table 2.). The
sites were plotted in ArcMap using the Latitude/Longitude locations provided by USGS. Spatial
analysis was completed for the 54 watersheds to define:

e The boundaries and extent of the watersheds above the monitoring stations

e The extent of the stream/river network and stream 100 foot buffer extent that drains into

the monitoring stations

e The Land Cover/Land Use in the monitored watersheds

e The hydric soils distributions in the monitored watersheds
The watershed boundaries and monitoring points were transferred to Google Earth and current
and historical orthophotographs were examined for important watershed changes since the
1990s. The results are presented as 54 summary figures (typical figure presented as Figure 2) in
Appendix A to this report.

The water quality data was downloaded from the USGS project website, and average,
maximums, minimums, median and standard variations were computed for each station

parameter.

The above information was used to evaluate whether the watersheds were correctly categorized
as background, swine, or swine/poultry, and whether there were significant differences in water
chemistry between all three categories of watersheds. If there were differences in water
chemistry, are these differences related to the presence and numbers of animals in the watershed

or to other watershed characteristics.

2.01 Category Designations

The results of this evaluation indicate that eight of the 54 sampled watersheds appear to have
been incorrectly categorized as either background, swine, or swine/poultry (Table 2). This
further reduces the size of a data set that is already too small to produce reliable results from a

statistical analysis.
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2.02 Sizes and Locations of Watersheds

2.02.1 Relative Sizes of the Watersheds

The comparative sizes of the USGS-defined watersheds across the study area are summarized
in Figures 3 and 4. The background watersheds are typically 21% and 43% larger than the
swine/poultry watersheds and swine watersheds, respectively. This significant difference in
size means that the background monitoring stations are located further down the watersheds
than the swine and swine/poultry monitoring stations. As discussed later in this report, these
and other differences related to the relative sizes of the monitored watersheds relate to de-
nitrification and natural attenuation of nitrogen in the stream network system, and have

serious implications for the proper use and interpretation of the USGS data.

Average Watershed Area

5000
4500 A
[
g
G 4000 -
<
3500
3600 L
BK sp SW
Watershed

Figure 3. Arca of different classifications of watersheds. The average area of background watersheds is 21%
larger than SP watersheds and 42% larger than the SW watersheds.
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Average Watershed Buffer Area
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Figure 4. Buffer area of different classifications of watersheds. The average buffer area of background
watersheds is 44% larger than SP watersheds and 72% larger than the SW watersheds.

2.02.2 Comparison of Rainfall between Background and CAFO Categories

We collected rainfall precipitation data from the NC State Climate Office ECONET website
and from individual farm records (maintained by swine farms, Figure 5). For the purpose of
this evaluation, the ECONET rainfall accumulation rates were divided into two categories
showing rainfall in the northern portion of the coastal plain (background sample locations)

and the southern coastal plain (CAFO sample locations).

The composite graph shows rainfall accumulation rates from six ECONET Stations located
in the southern coastal plain (Figure 6). The boxes in the rainfall records show the period of
sample collection of the USGS data. A comparison of these data show that the southern
swine and swine/poultry sample locations experienced fewer large rainfall events than the
background sample locations in the northern coastal plain, which were affected by large rain
accumulations resulting from Hurricane Sandy in November 2012, and the Great January

rain event of 2013,
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Dilution resulting from greater rainfall and higher stream flows in the background
watersheds during the sampling period will bias concentration comparisons in favor of the

background watersheds.

2.02.3 Comparison of Geology and Geomorphology between Background and CAFO
Categories

The North Carolina coastal plain has a varied geology and geomorphology that plays a
major role in influencing the surface morphology, storm water runoff, surface water
percolation, and eventually ground water recharge and discharge that we measure today. As
such, it is important to recognize and account for these differences when establishing the
locations and boundaries of watersheds that will be compared as part of a water quality
evaluation. Failure to account for differences other than the presence of swine and poultry
CAFOs such as geology, geomorphology, and agricultural practices that affect water quality
within each watershed will significantly affect the use and interpretation of the data

collected by USGS.

Our evaluation disclosed that the locations of the monitored watersheds do reflect significant
differences in soils and topography between the background watersheds and the CAFO
watersheds.  Swine and poultry operations are concentrated in the southern portion of the
coastal plain where the soils are generally sandier and are set at a lower elevations than the
center of concentration for the background basins, which are located in the northern coastal
plain at higher elevations and poorer drainage (Figure 4). As discussed later in this report,
these differences have a significant impact on the proper use and interpretation of the USGS

data.
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2.02.4 Other Factors Affecting Comparisons between Background and CAFO
Watersheds

Our evaluation also identified a number of watersheds in the swine and swine/poultry
categories that contained free roaming cattle with unobstructed access to streams. Cattle in
streams are known to be a significant source of nutrient-related impairments, particularly in
small watersheds. Their presence in several of the monitored watersheds was not included

in the study design, and will bias the USGS data against the CAFO watersheds.

SECTION 3 - Spatial Analysis of USGS Water Quality Data

We downloaded the surface water geochemical results from the USGS website and entered the
information in an EXCEL Spreadsheet for statistical analysis. These data are presented in
Appendix B at the end of this report. In addition to the deficiencies identified during our stream
sampling network evaluation and discussed in the previous section of this report, we also
identified the absence of discharge (flow) data and downstream sampling as deficiencies in the

study’s design.’

3.01 The USGS Data Set is Too Small for a Valid Statistical Analvsis

Given the limited number of samples over a 10-month period in the 54 watersheds monitored by
USGS, we examined the average nutrient concentrations and the median-percentile variation of
nutrient concentrations over the sampling period. The differences between these two statistical

approaches confirm that the data set was too small for valid statistical analysis.

? We were not able to effectively compare the USGS data to older data collected years ago in connection with

earlier water quality studies 1n many of the same watersheds due to vatations m samplng and analytical
methods.
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Our examination found that the averages of the different nitrogen species indicate that the
organic nitrogen concentrations are similar in the different watersheds, and that total nitrogen and
the nitrate concentrations are low in the background watersheds and increase in the CAFO
watersheds. (Figure 8). When the median values and percentile variations are examined,
however, we found that the total nitrogen, nitrate, organic nitrogen and ammonium median
values are not significantly different between the watersheds (between 1 and 2 mg/l), but
variation is increased for total nitrogen and nitrate in the watersheds with animals (Figures 9
through 12). Finally, when all the data is plotted for each sampling interval, organic nitrogen and
ammonium in the swine/poultry watersheds have significantly larger variations compared to the

background and swine only watersheds (Figures 13 through 21).

The above exercise shows that different statistical analytical methods result in biased
conclusions when, as is the case with the USGS data set, a small number of samples based on an
inappropriate sampling interval is compared to the natural variation of the water quality
parameter. The small number of samples captured only a random portion of the discharge

variation (low flow and storm events) over the 10 month sampling period.

3.02 Absence of Discharge Data

Too little concentration data together with the absence of discharge (flow) data seriously limits
one’s ability to reliably analyze and interpret the USGS data. Without flow data, no relationship

can be established between analyte concentration and impacts on receiving waters.

It is well known that headland streams are important areas of nutrient processing and natural
attenuation, and that water chemistry in the upper watershed drainages is strongly influenced by
the surrounding catchment. This is especially true in areas of modified catchments such as
agricultural and urban areas. Geology, land use and drainage characteristics control the delivery
of organic material, nutrients and sediment to these headland streams. The effects of disturbances
within the riparian buffer zone around streams are also well studied, but are not as well studied in

mid to lower watershed areas as in headland stream areas. It is also well known that discharge

-9
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controls sediment and nutrient flux into streams. Nutrient and sediment concentrations and water
chemistry can change dramatically during a discharge event as demonstrated, for example, in the
case of Rocky Branch, NC (located in south Raleigh, North Carolina) where studies by the
NCSU Isotope Lab NC documented significant changes in water and isotope chemistry over a

single discharge event (Figures 22 and 23). .

USGS’ infrequent sampling interval (Figure 24) does not capture these significant variations in
discharge states and creates a random data set of hydrographic conditions. This small number
sampling problem calls into question any statistics or interpretations that are based on so few
sampling points over a several storm events without corresponding discharge data. Over the

course of a discharge year there are many of these similar events that are not sampled.

Sampling Dates

4000 N Discharge Tomahawk
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o #  Chicod Samplus
£
&
&
foz
& 1000 |
ot
43
B4
o
g -

Date

Figure 24. Discharge at Tomahawk on the Black River and Chicod Creek with the sampling dates from SW-

03 watershed. The sampling interval does not capture the variation in discharge states, but produces a
random data set,

-10 -
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3.03 Absence of Downstream Sampling

A serious problem with the design of the USGS study is the absence of downstream sampling,
which makes it impossible to sort out variations in analyte concentrations inherent with single-
point sampling used by USGS. Sampling at only one point in the watershed, especially a
reduced size headland watershed, does not give an accurate estimate of the discharge flux of
sediments, nutrients, or organic matter downstream to the receiving waters. A good example of
this is the results of sampling conducted by USGS at the stations designated as SW-13 and SP-13
in the Nahunga watershed of the Goshen Swamp. Figure 25 shows that a single sampling station
(SW-13) in the headlands of a drainage system (where the nitrate concentration was measured at
9.4 mg/L)) does not accurately measure impacts of land use downstream at station SP-13 where
the nitrate concentration was measured at 0.128 mg/L, and where data collected at the Veaches
Mill Road bridge further downstream indicates that the wetlands in the Nahunga watershed
consume any nutrients that flux into the watershed upstream from the monitoring site (Figure

26).

3.04 Significant Differences in the Sizes of the Watersheds

The Nahunga watershed example above also demonstrates that the size of the watershed has a
direct impact upon the organic matter, nutrient, and sediment concentrations. As mentioned
previously, the background watersheds are significantly larger than the CAFO watersheds. As in
the case of the Nahunga watershed, concentrations decrease downstream and a comparison of
watershed water quality of different sizes is invalid. At the outlet of the Nahunaga watershed to
the Goshen swamp (Veaches Mill Road) a 16-month conductivity record is consistently low,

indicating no nutrient impacts into the receiving waters from SW-13 and SP-13 (Figure 26).

The comparative size of watersheds across the study area is summarized in Figure 3 and 4. Our
evaluation found that the background watersheds are typically 21% and 43% larger than the
swine/poultry watersheds and the swine watersheds, respectively. (Figures 12a and 12b). When

the river buffer areas are compared, the background watersheds are typically 44% and 72%

11 -
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larger than the swine/poultry watersheds and the swine watersheds, respectively. The background
monitoring stations are located further down the watershed than the swine and swine/poultry
monitoring stations. This difference in size relates to de-nitrification and consumption of
nitrogen in the stream network system. A comparison of the average stream nitrate concentration
and the monitored watershed sizes shows that stream nitrate concentrations are reduced in
watersheds above 3000-4000 acres (Figure 27).

Watershed Size vs Average Nitrate
Stream Concentration

16000

14000 - ¥

12000 -
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wnkground
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4] 1 e 3 4» 8 &
NO3 Average {mgll)

Figure 27. Watershed size versus the average stream nitrate concentration. Watersheds above
2000 acres have reduced nitrate concentrations regardless of the category of land use. The one
SP watershed that plots above this trend is SP09, which is a unique channelized drainage
system.

Most of the background watersheds are above this threshold, while most of the swine and
swine/poultry watersheds are below it. The difference in the sizes of the control background

watershed and river buffer areas compared to the swine and swine/poultry watersheds introduces

12 -
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a significant bias in favor of the background watersheds and against the CAFO watersheds in the

water quality data set.

SECTION 4 - Spatial Analysis to Assess whether the USGS Data can be used
to Establish Correlations between the Data and Land Cover
and Land Use in the Monitored Watersheds

Although deficiencies discussed previously in this report prevent the USGS data from being used
to reliably characterize surface water quality associated with swine CAFOs in eastern North
Carolina, we undertook an evaluation to assess whether the water quality data can be used to
establish a correlation between the data and land cover and land use in the individual watersheds,

starting with swine and swine/poultry populations.

4.01 Swine and Swine/Poultry Populations

For this evaluation, we compiled and tabulated the numbers of swine and poultry for each of the
54 watersheds monitored by USGS. The swine data was obtained from the NC DENR permit
data set, and the poultry population data was obtained from Dr. Sarah Mason, NC Department of
Agriculture, Veterinary Division (Table 3). As we noted previously in this report, we could not
identify any poultry CAFOs in SP-2, and no data for poultry populations in SP-15. Also, we
could not identify any swine populations in either SP-15 or SW-2. The animal density by

watershed is presented for swine and poultry in Figures 28 and 29, respectively.

When the nitrate average concentrations for each individual watershed were compared to the
animal population numbers (Figure 30), we could find no correlation in either the swine or
swine/poultry watersheds. Also, we could not find a relationship between numbers of animals
and nitrate maximum concentrations in any of the monitored watersheds. Therefore, we have
concluded that the basic premise that animal populations control water quality is not proven for

this data set.

- 13 -
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Figure 30. Numbers of animals versus the average nitrate concentration in the USGS
monitored watersheds. The red circles are SP swine, the green circles are SW swine, and the

vellow triangles are SP poultry.

4.02 Land Cover and Land Uses other than Swine and Swine/Poultrv Populations

Since previous studies have indicated that the distribution of land use and soils in the watershed,

and in the riparian buffers in particular, control water quality in the receiving streams, we

undertook a spatial analysis to assess whether the differences in average nitrate and total nitrogen

concentrations and the variation observed in the swine and swine/poultry watersheds is related to

watershed size, buffer size and/or land use and soils in the watersheds and river buffers.

-14 -

ED_002446_00000563-00021





July 29, 2019 EPA-HQ-2017-007907

4.02.1 Spatial Analysis Procedure and Data Sets

The locations of the USGS monitoring stations were plotted in ArcMap 10.2 with the
Latitude/Longitude positions from USGS. The watersheds were constructed from the
HUNC data set (CGIA) and modified with the county elevation contour data set (NC
ONEMAP) to reflect the drainage basin at the specific point of the monitoring station in that
watershed (Figure 21). The two-foot contours were based on 20 foot grid cells generated
from LIDAR. Soil distributions were obtained from the NC Soil Survey Geographic
(SSURGO) database, and land cover and land use (LCLU) classifications were obtained
from the USGS National Land Cover Dataset (NLCD). The National Geospatial Data Asset
(NGDA) National Land Cover Database (NLCD) 1s dated 2011, approximately four months
before USGS began collecting data for its study. The hydrography for rivers and major
waterways was obtained from NC One Map, and the river buffers were clipped at the 100
foot line with rounded terminus. The soil distributions and LCLU data were then clipped by
the watershed boundaries and river buffers (Figure 31 and 32), and the data was then
tabulated in EXCEL. Area for soils was determined with the F_area geometry calculation,

and area for the LCLU was determined from the pixel counts in the raster data set.

4.02.2 Results of the Analysis — Watershed Impacts

The LCLU categories were combined in the different categories of watersheds to reflect
significance to nitrogen transport in the watersheds. Figures 33 and 34 show that the
background watersheds have more forests and wetlands, and less cultivated land than the
CAFO watersheds, and that the buffers in the background watersheds have more forested
land than the buffers in the CAFO watersheds. A comparison of the percent cultivated land
in individual watersheds with the nitrate concentrations in the streams, led us to conclude
that watersheds with greater than 30% cultivated land export nitrogen into the stream
drainage systems (Figure 35). While there are small differences in the land use between the
background and CAFO watersheds, there are much larger differences in soil type between

the background and CAFO watersheds. The amount of hydric soils is higher in the

- 15 -
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background watersheds and in the background watershed buffers (Figure 36 and 37).
Watersheds that contain over 60% hydric soils have limited nitrogen export (Figure 38).
The difference in watershed size and amount of hydric soils explains why there 1s little
nitrogen export in the background watersheds with increasing amounts of cultivated land.
The amount of hydric soils in the total watershed and in the buffers controls nitrogen export
into the stream drainage system. The background watersheds have more wetlands and

larger areas of river buffers than the other two types of watersheds.

4.02.3 Results of the Analysis — Buffer Impacts

We found one outlier (the SP-09 watershed) in the hydric soil stream nitrate relationship in
Figure 30. SP-09 is a channelized agricultural watershed with predominately hydric soils
that has buffers that are predominately cultivated land (Figures 39 and 40), which means
that the nitrogen is delivered efficiently to the stream drainage system, but has little
residence time in the hydric soils to be naturally attenuated. SP-09 contrasts with the
Nahunga watershed (discussed previously in this report), which is a natural drainage system
which has a high proportion of wetlands and hydric soils in the river buffer zone (Figures 41
and 42). The Nahunga watershed does not export nitrogen because the nutrients are
processed in the hydric soil buffer zone and there are no nutrient bypass mechanisms present

such as channelized drainages.
These results suggest land use and soil distribution in buffers have a direct effect on stream
water quality. The intersection of partially hydric and non-hydric soils with cultivated land

in the stream buffer area had a correlation to average stream nitrate concentration (Figure

43).
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Figure 43. The average stream nitrate concentration versus the % buffer area of the intersection of
cultivated/pasture land with non-hydric/partially hydric soils,

Buffers with a higher percentage of the total buffer area that are cultivated and have soils
that are not hydric have increased stream nitrate concentrations. This implies that critical
areas of watersheds where these conditions exist can be identified and restoration or
remediation efforts can be focused on those areas in a cost effective manner to improve

water quality in agricultural watershed (Figure 44).
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SECTION 5 - FINDINGS, RECOMMENDATIONS AND CONCLUSION

5.01 Findings

1. The limited number of sampling points over the 10-month sampling period does not
characterize the water quality chemistry variation over the discharge (stream flow)
cycle. Accordingly, any statistical analyses of the USGS data will suffer from small
number biases, and not represent the concentration/stage relationships of nutrients and
ions, or characterize the level of water quality in the receiving streams. Further, it
appears that eight of the 54 monitoring stations have been incorrectly categorized,
further reducing the size of an already small data set.

2. The limitations inherent in the small USGS data set is compounded by the absence of
stream flow data, which prevents a meaningful analysis of the USGS data because
without flow data, it is impossible to establish a relationship between the analyte
concentration and quantity of stream flow.

3. The USGS’s distribution of watershed types for its monitoring program was not
uniform across the North Carolina coastal plain, and so did not take into account the
significant role that the coastal plain’s varied geology and geomorphology plays in
influencing surface morphology, storm water runoff, surface water percolation, and
groundwater recharge and discharge. We found significant differences in the basin
sizes, soil types, rainfall amounts, and land use and land cover between the background
basins and the swine and swine/poultry basins monitored by USGS. These differences
and their influence on surface water quality prevent the USGS data from being used to
reliably assess the influence of swine and swine CAFOs on water quality.

4. Single-point sampling in the monitored basins and the resulting lack of downstream
sampling data prevented us from using the USGS data to reliably assess water quality
impacts on the receiving streams. Single-point sampling, particularly in small

watersheds such as those represented in the data collected by USGS in the swine and
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swine/poultry watersheds, does not give an accurate estimate of the discharge flux of
sediments, nutrients, or organic matter downstream of the receiving waters.

5. No correlation was found to exist between the average and maximum nitrate
concentrations in the data set compared to animal population numbers for each
individual watershed monitored by USGS.

6. The amount of cultivated land in the river buffers controls the amount of nitrogen
transported into the receiving waters, and the amount of hydric soils in the total
watersheds and in the river buffers controls the natural attenuation of nitrate in the
drainages.

7. Watershed size offered the best explanation for the nitrate concentrations in the
watersheds monitored by USGS. Watersheds above 4000 acres did not export nitrate
regardless of the watershed’s classification as “swine” or “swine/poultry” or the animal

populations in the watershed.

5.02 Conclusions

1. Deficiencies in the design and execution of the USGS stream sampling plan prevent
the data collected by USGS from being used to serve its intended purpose.

2. The USGS data are not sufficient to reliably characterize surface water quality
associated with swine CAFOs in eastern North Carolina.

3. Soil and land cover/land use relationships with nutrient concentrations in the receiving
waters indicate that not only are the presence of riparian buffers important to
facilitating the transport of nutrients into streams, but also the presence of hydric soils
in the river buffers controls the natural attenuation of nitrate in the streams draining

agricultural areas.

5.03 Recommendation
The creation of riparian buffers, wetlands and hydric soils in the crucial river buffer zone is a

well understood and well-studied process. With the type of spatial analysis used in the
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evaluation described in this report, critical areas where nutrient bypass mechanisms such as
channelized drainages can be identified. These areas can be modified to improve water quality in
the receiving waters downstream from agricultural operations. We recognize that different
watersheds may require different modifications depending upon the geology, elevation, soil types
and drainages. These types of watershed modifications are well known and with the right group
of experts, can be successfully applied to the different types of drainage conditions found in

eastern North Carolina.
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Constituent Analytes
group
Field Specific conductance, pH, temperature, dissolved oxygen
measurements
Nutrients Ammonia + organic nitrogen, ammonia, nitrate + nitrite, total
nitrogen, ortho-phosphate, total phosphorus
Major ions Calcium, chloride, magnesium, potassium, sodium, sulfate

Table L Partial list of analytes measured by the USGS for all basins.
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Farm Farm

Sp Swine Poultry SW Swine
SP1 16560 | 132000 Swi 12595
SP2 3820 0 SW2 0
SP3 30510 | 322934 SW3 4400
SP4 11400 | 88000 Sw4 4896
SP5 550 | 48000 SW5 9760
SP6 11025 | 88000 SWe6 8640
SP7 17832 | 42000 SW7 11168
SP8 9077 | 287000 SW8 55596
SP9 95417 | 60000 SW9 12600
SP10 6080 | 12500 SW10 1200
SP11 16905 | 88000 Swi1 3400
SP12 14664 | 16000 Swi2 21678
SP13 31500 | 302714 SWi13 33080
SP14 13160 | 123206 Swi14 7040
SP15 0 0 SW15 15840
SP16 15912 | 20858 Swi6 6272
SP17 8200 | 32000 Swi17 15496
SP18 34536 | 40000 Swi1s 6000

Table 3. Animal Populations in the USGS CAFO Watersheds
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Figure 39. Buffer LCLU distributions in the SP09 watersheds.

Figure 40. Buffer hydric soil distributions in the SP09 watersheds.

Figure 41. Buffer LCLU in the Nahunga Creek Watershed.

Figure 42. Buffer soils in the Nahunga Creek Watershed.

Figure 43. The average stream nitrate concentration versus the % buffer area of the intersection of
cultivated/pasture land with non-hydric/partially hydric soils

Figure 44. The spatial distribution of the intersection of cultivated/pasture land with non-hydric/partially
hydric soils for SW10. This approach defines critical buffer areas that need to be addressed to
improve water quality.
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Figure 1. Watershed areas determined for each individual menitored station for the USGS CAFO study.
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CHARACTERIZATION OF USGS SP-14 DRAINAGE BASIN

Aerial
Photograpy of
USGS Basin

HYDRIC SOH. IETRIBITION DF LANLEDOVER ANDLAKRD USAGE OF

RERIAL FROTO OF USHY BANIN ARES LEEA DMK AREA URGH BALI ARES
IMPORTANT FEATURES: CISTRIBLTION OF HYBRel gOILS

1, FIVE SWINE FARMS ARE PRESENT WITHIN THE BABIN

2. SIX POULTRY FARMES ARE PRESENT WITHIN THE BASIN
3. 3AMPLE ON I3 LOCATED AT SRIDGE CROSSING AT

DRUMMERSVILLE ROAD

UGS BASIY 8P.14
SYURE AND POLLTRY UPERATIONS

Figure 2. Spatial analysis of the monitored basins include Aerial Photographic analysis, total basin hydric soil
distribution, Land Cover Land Use distribution, Basin feature observations, and river buffer LCLU, hydric
soil distributions. The analysis for each watershed is compiled in Appendix XX.
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Figure 3. Area of different classifications of watersheds. The average area of background basins is 21%
larger than SP watersheds and 42% larger than the SW watershed.
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Figure 4. Buffer area of different classifications of watersheds. The average buffer area of background

basins is 44% larger than SP watersheds and 72% larger than the SW watershed.
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Figure 5. Location of ECONET and Farm Rainfall records. The ECONET Stations cover the entire coastal
plain, and the farm records are located in the southern central part of the study areas.
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EcoNet Rainfall
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Figure 6. Hlustration of rainfall accumulation charts showing ECONET data from the southern (left) and
northern (right) coastal plain. Two large rainfall events coincided with the landfall of Hurricane Sandy in
November 2012, and the Great Rain event in January 2013.
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-
BACKGROUND
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Figure 7. Geologic map of eastern North Carolina illustrating the location of three types of basins identified in
the USGS evaluation. Note the differences in the geology and concentration of basin types. The background
basins are predominately situated on top of Tertiary sediments dominated by clayey units. The swine and

poultry basins are situated in the southern coastal plain on top of Cretaceous units typically covered with sandy
surficial units.
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Figure 8. Average concentration of the different nitrogen species in the different types of watersheds. The
organic nitrogen averages are similar, but the nitrate and total nitrogen averages are lower in the background
watersheds compared to the watersheds with animal populations
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Figure 9. Total nitrogen concentration comparisons between the different watershed classifications. The total
Nitrogen in the combined swine and poultry basins.
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Figure 10. Nitrate concentration comparisons between the different watershed classifications. The nitrate
concentration is lowest in the background basins and highest in the combined swine poultry basins.
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Figure 11. Organic nitrogen concentration comparisons between the different watershed classifications. The
average organic nitrogen concentrations are nearly the same across all basin types.
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Ammonium
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Figure 12. Ammonium concentration comparisons between the different watershed classifications. The
ammonium concentrations are nearly the same across all three basin categories.
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Figure 13. Nitrate concentrations in the BK watersheds. Nitrate concentrations are similar to swine only
concentrations,
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Figure 14. Nitrate concentrations in the SP watersheds. Nitrate concentrations are much higher than swine
only and background concentrations.
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Figure 15. Nitrate concentrations in the SW watersheds. Nitrate concentrations are similar to background
concentrations.
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Figure 16. Organic nitrogen concentrations in the background watersheds. These concentrations are similar
to concentrations in swine only basins.
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Figure 17. Organic nitrogen concentrations in the SP watersheds. These concentrations are higher than
background and swine only basins.
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Figure 18. Organic nitrogen concentrations in the SW watersheds.
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Figure 19. Ammonium concentrations in the SW watersheds.
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Figure 20. Ammonium concentrations in the SW watersheds.
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Figure 21. Ammonium concentrations in the SP watersheds.
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Rocky Branch Creek, NC

1V8e ¥4 3.0 - B - 5.8
166 ‘ ‘ \jN
‘ i - 2.5 0.3
80 < Discharge cfs - 68 ) —
Y o i WO gl ap E
G " i CLinig) - TV e
o | P — Pretipitation {em) £ = g
% 60 ] @ £
5 15 8 40 & E
= o P ot
5 e £ S g6 B
B - = <G
2 mEE 1.0 =z
. ; il
50 - L™ e® : : (P 0.8
o A St S 0.0 0 1.8

1025 1030 1035 1040 1045 1050 1085

Julian Day
Figure 22. Nitrate and chloride concentrations over a discharge event in Rocky Branch, NC. Sampling over a
bimonthly schedule would have been unable to capture this frequent but significant storm event.
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Figure 23. Isotopic composition of nitrate over a discharge event in Rocky Branch, NC
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Figure 24. Discharge at Tomahawk on the Black River and Chicod Creek with the sampling dates from SW-

03 watershed. The sampling interval does not capture the variation in discharge states, but produces a
random data set,
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Figure 25. Downstream sampling from SW-13 and SP-13. The stream nitrate concentrations decrease
downstream because of the LCLU and soil composition in the stream buffer areas. Downstream sampling is
import in the evaluation of impacts upon receiving waters. Notice the Goshen Swamp mainstream nitrate

concentrations are extremely low,
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Figure 26. Solinist level logger 15 minute interval record taken at Veaches Mill Road downstream from
SW13 and SP13 monitoring sites. Conductivity indicates relatively little change over the 1.3 year period
although there are changes in stage and temperature. The relatively high sampling rate and the changes in
water levels and temperatuare re-emphasis the importance of increased sampling frequency.
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Watershed Size vs Average Nitrate
Stream Concentration
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Figure 27. Watershed size versus the average stream nitrate concentration. Watersheds above 2000 acres
have reduced nitrate concentrations regardless of the category of land use. The one SP watershed that plots
above this trend is SP09, which is a unique channelized drainage system.
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Figure 28. Swine populations in the SW and SP watersheds.
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Figure 29. Poultry populations in the SW and SP watersheds.
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Figure 30. Numbers of animals versus the average nitrate concentration in the USGS monitored watershed.
The red circles are SP swine, the green circles are SW swine, and the yellow triangles are SP poultry.
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Figure 31. Watershed Land Cover Land Use for each individual monitored watershed.
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Figure 32. Watershed Hydric Soil distribution for each individual monitored watershed.
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Figure 33. LCLU combined classes for the Total watersheds

ED_002446_00000563-00059





July 29, 2019 EPA-HQ-2017-007907

Buffer LCLU

% Land Cover

>
x
o
£
H
=
¥
L3

Buffer LCLU

Figure 34. The combined buffer LCLU for the three classes of watersheds.
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Figure 35. Cultivated crop % versus NO3 concentration in receiving waters for Total
watershed. Above 30% cultivated cropland exports nitrate into drainages.
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Figure 36. Hydric soil types for the different watersheds, the background sites have a greater proportion of

hydric soils than the animal containing watersheds.
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Figure 37. Hydric Seil distribution in watershed buffers.
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Figure 38. Hydric soil types for Total watersheds versus the average nitrate concentration in the receiving
streams. Hydric soil contents above 60% seems to limit nitrogen transport on a watershed scale.
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Figure 39. Buffer LCLU distributions in the SP09 watersheds.
predominately cultivated crops.

The drainages are channelized and
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Figure 40. Buffer hydric soil distributions in the SP09 watersheds. The drainages are channelized and
predominately hydric soils.
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Figure 41. Buffer LCLU in the Nahunga Creek Watershed.
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Figure 42, Buffer soils in the Nahunga Creek Watershed. The buffer soils are predominately hydric or
partially hydric that naturally attenuate nitrate in the wetlands.

-61 -

ED_002446_00000563-00068





July 29, 2019 EPA-HQ-2017-007907

Buffer Intersection

7
6 - = v
5
S 5 " om
Q
D
2 4
2 |
E 3] .
3 5. v =
=
=
11 TR
‘52 Background
g 7 SwinePoullry
BB Swine
¢ 1 2 3 4 & €
NO, (ave)

Figure 43. The average stream nitrate concentration versus the % buffer area of the intersection of
cultivated/pasture land with non-hydric/partially hydric soils,
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Figure 44. The spatial distribution of the intersection of cultivated/pasture land with non-hydric/partially
hydric soils for SW10. This approach defines critical buffer areas that need to be addressed to improve water
quality.
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APPENDIX A - SUMMARY CHARTS FOR EACH OF THE 54
SAMPLE BASINS (LISTED BY WATERSHED CATEGORY)
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DAVID PRICE
4TH DISTRICT
NoaTH CAROLINA

COMMITTEE ON APPROPRIATIONS

Ranxing MemMBeR, TRANSPORTATION &
HOUSING AND URBAN DEVELOPMENY

Homewanp SecumTy CONGRESS OF THE UN lTED STATES
Misrany Cons;nucnfru & HOUSE OF REPRESENTAT'VES
VETERANS AFFARS WASHINGTON, DC 20515

December 16, 2016

The Honorable Gina McCarthy
Administrator

Environmental Protection Agency
1200 Pennsylvania Avenue, N.W.
Mail Code 1101A

Washington, D.C. 20460

Re: Title VI Compliance and Enforcement Program in this Administration

Dear Administrator McCarthy:

EPA-HQ-2017-007907

2108 RAYBURN HOUSE OFFICE BiaDiNG
WASHINGTON, DC 20615
{202} 225-1783

436 N. HARRINGTON SYREET. SUITE 304
RALEIGH, RC 27603
[919) 8595899

1777 FORDHAM BLVD , SUITE 20¢
CHAPEL HILL, NC 27514
{9191 967.7924

301 GREEN STREET, SUITE 31%
FAYETTEVILLE. NC 28301
{910} 323-0260

www.prica house.gov

I write regarding a complaint filed under Title VI of the Civil Rights Act of 1964 pending before
the Environmental Protection Agency (EPA) (file 11R-14-R4). The complaint, which involves
allegations of discrimination against communities of color by the hog industry, is currently

awaiting a final determination.

[ strongly encourage the Agency to rule on this case before the Obama Administration vacates

office on January 20", The individuals who filed this complaint have a right to ensure that their
concerns are fully considered by the federal agency charged with adjudicating them, and they are
concerned that they may not receive a fair hearing under the next administration.

Thank you for your consideration of this request. Please feel free to contact me, or have your
staff contact James Hunter of my office, if you would like to discuss this matter further.

Sincerely,
®
'\vé I Al

DAVID E. PRICE
Member of Congress

CC: Lilian Dorka, Acting Director, EPA Office of Civil Rights
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innovative solutions

Geo Soions Ltd.

fo every day problems

We have completed a preliminary review of the United States Geological Survey Scientific
Investigations Report (2015-5080) entitled  “Surface-Water Quality in Agricultural
Watersheds of the North Carolina Coastal Plain Associated with Concentrated Animal
Feeding Operations”. The report was prepared in cooperation with the North Carolina
Department of Environment and Natural Resources, Division of Water Resources.

Significantly, the data presented in the report does not show any exceedances of state water
quality standards in any of the sampled watersheds, including those with swine or swine/poultry
CAFOs.

We disagree with the report’s conclusions that the data indicate distinct water quality differences
at 21 of the 36 swine and swine/poultry sampling sites and that these differences reflect swine
and/or poultry CAFO effects. These conclusions are erroneous and unsupported by the data due
to the following limitations and deficiencies in the overall study design:

e An inadequate number of stream samples per watershed;

e A lack of adequate stream sampling over a full one-year period covering all four climatic
seasons;

e Differing geology and soil types over the study area, and spatial limitations where
background basin locations are distinctly different from the actual basins containing
swine and poultry operations;

e A lack of poultry and swine population distribution across the sites; and

e A general miss-categorization of several basins (based on historical use including basins
dominated by industrial or municipal land uses).

We believe these limitations and deficiencies prevent the data from being used to draw any
meaningful conclusions concerning potential influences of swine and swine/poultry CAFOs on
coastal plain streams.

On the other hand, we do agree with the report’s conclusion that there is no significant difference
between phosphorous and organic nitrogen compound concentrations (these are generally
associated with CAFOs waste) among the land use group types. There is a general recognition
by the USGS that land use and soil type surrounding streams greatly affect the potential impact
of land use on water quality. Our research indicates that the distribution and composition of the
stream buffers play a much more vital role in maintaining stream quality than the presence or
absence of CAFO operations. Based on our evaluation of the limited data presented in the report
we believe that the report may provide further insight on how stream buffers can be utilized to
enhance downstream water quality.
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UIRITED BTATESR ENVIRONMENTAL PROTECTION AGENOY

GBTON, DO 20

August 24, 2016
Return Receipt Reqguested In Reply Refer to:
Certified Mail#: 7015 1320 0002 0019 3039 EPA File No.: 38r-16-R4

Marianne Engelman Lado
Earthjustice

48 Wall Street, 19* Floor
New York, New York 10005

Re: Acknowledgment ef Receipt of Administrative Correspondence
Dear Ms. Engelman Lado:

This letter is to notity you that the U.S, Environmental Protection Agency (EPA), Office of Civil
Rights (OCR), received your email correspondence on Friday, August 19, 2016, alleging that the
Alabama Department of Environmental Management (ADEM) violated Title VI of the Civil
Rights Act of 1964, as amended, and EPA’s nondiscrimination regulations found at 40 C.F.R
Part 7. This correspondence alleges retaliation related to open EPA file number 12R-13-R4.

The OCR is responsible for processing and resolving complaints alleging discrimination by
programs or activities that receive financial assistance from the EPA. OCR will review your
correspondence in light of EPA’s nondiscrimination regulation to determine whether it is a
complaint that falls within OCR’s jurisdiction. Once this jurisdictional review is completed, the
OCR will notify you as to whether it will accept your complaint for investigation or reject, or
refer the complaint to another Federal agency.

If you have any questions, please feel free to contact Case Manager Brittany Martinez, at (202)
564-0727, or by e-mail at martinez. brittanviepa.goy, or U.S. mail at LIS, EPA, Office of Civil
Rights (Mail Code 1201A), 1200 Peansylvania Avenue, N.W., Washington, D.C., 20460-1000,
or me at (202) 564-9649, or by e-mail at dorka Jilianf@epa.gov.

Sincerely,

Lilian 8. Dorka
Acting Director
Office of Civil Rights
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Ms. Marianne Engleman Lado

cel

Elise Packard
Associate General Counsel
Civil Rights & Finance Law Office

Kenneth Lapierre

Assistant Regional Administrator
Deputy Civil Rights Official
U.S. EPA Region 4

EPA-HQ-2017-007907
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UIRITED BTATESR ENVIRONMENTAL PROTECTION AGENOY

GBTON, DO 20

August 24, 2016
Return Receipt Reqguested In Reply Refer to:
Certified Mail#: 7015 1320 0002 0019 3039 EPA File No.: 38r-16-R4

Marianne Engelman Lado
Earthjustice

48 Wall Street, 19* Floor
New York, New York 10005

Re: Acknowledgment ef Receipt of Administrative Correspondence
Dear Ms. Engelman Lado:

This letter is to notity you that the U.S, Environmental Protection Agency (EPA), Office of Civil
Rights (OCR), received your email correspondence on Friday, August 19, 2016, alleging that the
Alabama Department of Environmental Management (ADEM) violated Title VI of the Civil
Rights Act of 1964, as amended, and EPA’s nondiscrimination regulations found at 40 C.F.R
Part 7. This correspondence alleges retaliation related to open EPA file number 12R-13-R4.

The OCR is responsible for processing and resolving complaints alleging discrimination by
programs or activities that receive financial assistance from the EPA. OCR will review your
correspondence in light of EPA’s nondiscrimination regulation to determine whether it is a
complaint that falls within OCR’s jurisdiction. Once this jurisdictional review is completed, the
OCR will notify you as to whether it will accept your complaint for investigation or reject, or
refer the complaint to another Federal agency.

If you have any questions, please feel free to contact Case Manager Brittany Martinez, at (202)
564-0727, or by e-mail at martinez. brittanviepa.goy, or U.S. mail at LIS, EPA, Office of Civil
Rights (Mail Code 1201A), 1200 Peansylvania Avenue, N.W., Washington, D.C., 20460-1000,
or me at (202) 564-9649, or by e-mail at dorka Jilianf@epa.gov.

Sincerely,

Lilian 8. Dorka
Acting Director
Office of Civil Rights

ED_002446_00000598-00001





July 29, 2019

Ms. Marianne Engleman Lado

cel

Elise Packard
Associate General Counsel
Civil Rights & Finance Law Office

Kenneth Lapierre

Assistant Regional Administrator
Deputy Civil Rights Official
U.S. EPA Region 4
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PAT MCCRORY

DONALD R, VAN DER VAART

Environmesnitoal
Quality

April 14, 2016

Suite 1840 T

61 Forsyth Street, SW

Atlanta, Georgia 30303

North Carolina Advisory Committee
.S, Commuission on Civil Rights

Honorable members of the conumnities,

Thank you for the opportunity to speak at the April 7 town hall meeting and share with you the
McCrory administration’s accomplishments in cleaning up coal ash in North Carolina.

1 was pleased announce at the meeting that the McCrory administration will go beyond state and
federal requirements fo ensure that minority communities are not negatively impacted by Duke
Energy’s coal ash disposal sites. The state environmental department will conduct an
environmental justice analysis for each new Duke Energy application associated with the
disposal of coal ash and ask the Environmental Protection Agency’s Office of Civil Rights, the
U8, Commuission on Civil Rights and its North Carolina Advisory Committee to review and
concur with the envirorumental justice analysis before permits are issued.

In order to ensure that Duke Energy’s construction of coal ash disposal sites will not have a
disproportionate negative impact on a minority or low income community protected by Title VI
of the Civil Rights Act of 1964, the state will not issue a permit for a new coal ash disposal site
until these three bodies have reviewed and concurred with the environmental justice analysis. In
light of these groups’ expertise on environmental justice issues, we ask that they review the
applications and provide feedback to ensure the fair treatment and meaningful involvement of all
people with respect to the development of these sites.

These additional steps demonstrate Governor MeCrory’s commitment to addressing the threat
coal ash poses to public health and the environment. During his first few months in office, the
governor took decisive steps to address the long-ignored environmental impact associated with
coal ash ponds in our state. Under his leadership, the state environmental department has issued
unprecedented fines and conducted extensive regulatory oversight to hold Duke Energy
accountable for environmental violations.

The longstanding problems associated with coal ash, ranging from structural fatlure to the
potential impact on groundwater, have been known and documented for vears, vet virtually no
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action was taken by previous adiministrations or North Carolina’s attorney general to address
them. As the Southern Environmental Law Center acknowledged during the town hall meeting in
Walnut Cove, the McCrory administration has done more than the previous administration to
address the decades-old risks posed by coal ash impoundments.

P'm proud of the progress we have made over the past three years, which exceeds that of any
former governor or the federal government. But our work is not done. North Caroling’s
environmental department will continue to provide strict oversight of Duke Energy to make sure
that coal ash is properly stored so that no community is negatively impacted. We will also
continue to hold Duke Energy accountable when it fails to protect the environment or follow the
law. The cleanup of coal ash will remain a priority until it no longer threatens cur commumities,
drinking water or the environment.

We look forward to working with you to ensure that every North Carolina community is treated
fairly as we undertake the monumental task of cleaning up and closing every coal ash

mapoundment in the state.

Thank you, and please don’t hesitate to contact me with any questions you may have.

Sincerely,

Agsistant Becretary for Environment

N.C. Department of Environmental Quality
819-707-9034

tom. resder{@nedenr. goy

o0
Jeffrey Hinton

Director, Southern Reglonal Office
ULS. Commission on Civil Rights

Velveta Golightly-Howell
Drector
EPA Office of Civil Rights
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ISANCACO02T.1303  PERMITTING BY REGULATION
(a) The following systems are deemed permitted pursuant to Rule .0113 of this Subchapter provided the systemmeets the
criteria in Rule .0113 of this Subchapter and all criteria required for the specific system in this Rule:

D Systems that do not meet the criteria of an animal operation permitted under Rule .1304 orRuk .13050f
this Subchapter and all other systems not specifically mentioned in this Section. If waste is land
appled to land owned by the waste generator or under the waste generators authorty, agronomic rates
must be met.

@) Poultry operations which use a dry litter system with more than 30,000 birds and that do not meet the
criteria specified in Rule .1305 of this Subchapter if:

(A) records are maintamned for three years which mclude the dates the litter was removed, the
estimated amount of litter removed and the location of the sites where the litter was land
appled by the poultry operation;

B) the waste 1s applied at no greater than agronomic rates;

©) litter is stockpiled not closer than 100 feet from a perennial stream or perennial waterbody;

D) litter is not stockpiled uncovered for greater than 15 days; and

B if a manure hauler is used, records must be maintained of the dates the litter was removed, the
estimated amount of litter removed, and name, address and phone number of the manure
hauler.

3 Land application sites under separate ownership fromthe waste generator, receiving animal waste fiom
animal waste management systems which are deemed permitted, when all the following conditions are
met:

(A) the waste 1s applied at no greater than agronomic rates; and
B) a vegetative buffer (separation) of at least 25 feet is maintained from a perennial stream or

perennial waterbody.
(b) The Director may determine that a system should not be deemed permitted in accordance with this Rule and Rule
0113 of this Subchapter. This detenmination shall be made m accordance with Rule .0113(e) of this Subchapter.

History Note: Authority G.S. 143-215.1; 143-215.3(a); 143-215.104;
Eff September 1, 2006.
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ISANCACO02T.1304  STATE PERMITTING REQUIREMENTS

(a) This rule applies to animal waste management systems that meet the definition of an animal operation in G.S. 143 -
215.10B but are not subject to regulation under Rule .1305.

(b) An animal waste management plan shall be submitted as follows:

O The animal waste management practices or combination of practices which are selected to conprsea
plan for a specific facility must meet NRCS standards, or the standard of practices adopted by the Soil
and Water Conservation Commussion pursuant to 15A NCAC 06F .0104, or standards for any
combination of practices which provide water quality protection and are approved by oneofthesetwo
agencies; and all applicable state statutes and rules at the time of development or design. NRCS
standards relating to phosphorus application rates for animal waste are not meorporated as part ofthis
rule.

@) As required by G.S. 143-215.10C, plans nuist be approved by a technical specialist and the certificate
must be submitted to the Division on Division supplied forms or forms approved by the Division as
providing the same information as required by the Division's forms. The technical specialist must
certify that the best management practices that comprise the plan meet the applicable standards and

specifications.

3 The land application and siting setbacks must meet the applicable conditions established in G.S 106-
803 and NRCS standards at the time of construction.

€Y New and expanded animal waste treatment systems such as lagoons and waste storage structures shall

be located at least 100 feet from a perennial stream or perennial waterbody. For new and expanding
systems, this setback requirement shall also apply to areas in feedlots where an established vegetative
cover will not be mamntained because of the concentration of animals, with the exception ofstocktrails
and stream crossings.
&) The waste shall not be applied at greater than agronomic rates.
©) For animal waste management facilities desiring to increase ther animal population beyond that
permitted, a new individual permit or new certificate of coverage to operate under a general pemmt rmast
be issued before the additional animals are stocked.
(c) For each change of ownership of the system, the new owner must notify the Division m writing within 60 days of
transfer of ownership.
(d) New and expanding swine facilities must demonstrate comphance with Rule . 1307 of this Section prior to receving a
permit from the Division.

History Note:  Authority G.S. 143-215.1; 143-215.3(a); 143-215.104; 143-215.101;
Eff September 1, 2006;
Amended Eff January 1, 2009.
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ISANCACO02T.1305  NPDES PERMITTING REQUIREMENTS

(a) This Rule applies to animal waste management systems subject to regulation under 40 CFR § 122.23 and G.S. 143-
215.10C.

(b) With the exception of dry litter poultry systems, an animal waste management plan shall be submitted as follows:

O The animal waste management practices or combination of practices which are selected to conprsea
plan for a specific facility must meet NRCS standards, or the standard of practices adopted by the Soil
and Water Conservation Commussion pursuant to 15A NCAC 06F 0104, or standards for any
combination of practices which provide water quality protection and are approved by oneofthesetwo
agencies; and all applicable state statutes and rules and all applicable federal requirements at theture
of development or design.

@) As required by G.S. 143-215.10C, plans must be approved by a technical specialist and the certificate
must be submitted to the Division on Division supplied forms or forms approved by the Division as
providing the same information as required by the Division's forms. The technical specialist must
certify that the best management practices that comprise the plan meet the applicable standards and

specifications.

3 The land application and siting setbacks must meet the applicable conditions established in GS. 106-
803, NRCS standards and 40 CFR Part 412 at the tume of construction.

C)) New and expanded animal waste treatment systems such as lagoons and waste storage stiuctures shall

be located at least 100 feet from a perennial stream or perennial waterbody. Fornew and expanding
systems, this setback requirement shall also apply to areas in feedlots where an established vegetative
cover will not be maintained because of the concentration of animals, with the exception ofstocktrails
and stream crossings.

5 The waste shall not be applied at greater than agronomuc rates.

(6) For animal waste management facilities desiring to increase their animal population beyond that
permitted. a new individual permit or new certificate of coverage to operate under a general pemmit st
be 1ssued before the additional animals are stocked.

(c) Dry litter poultry systems, for the purpose of this Rule and G.S. 143-215.10C, shall submit an animalwaste management
plan as follows:

¢)) The animal waste management practices or combmation of practices which are selected to conprisea
plan for a specific facility must meet NRCS standards, or the standard of practices adopted by the Soi
and Water Conservation Commission, or standards for any combination of practices which provide
water quality protection and are approved by one of these two agencies; and all applicable state
statutes and rules and all applicable federal requirements at the time of development or design.

@) The land application and siting setbacks must meet the conditions established in NRCSstandards and
40 CFR Part 412 at the time of construction.

3 New and expanded animal waste structures such as houses and dry stacks shall be protected fromthe
100-year flood as determined by the Federal Emergency Management A gency.

€)) The waste shall not be applied at greater than agronomuc rates.

&) For animal waste management facilities desiring to increase their animal population beyond that

permitted. a new individual permit or new certificate of coverage to operate under a generalpemmi rmist
be 1ssued before the additional animals are stocked.
(d) For each change of ownership of the system, the new owner must notify the Division in writing within 60 days of
transfer of ownership.
(e) Systems shall meet all applicable requirements of 40 CFR Part 122 and 40 CFR Part 412.
() New and expanding swine facilities must demonstrate comphance with Rule . 1307 of this Section prior to recewving a
permit from the Division.

History Note:  Authority G.S. 143-215.1; 143-215.3(a); 143-215.104; 143-215.101;

Eff September 1, 2006;
Amended Eff January 1, 2009.
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ISANCAC02T.1306  CLOSURE REQUIREMENTS
Any containment basin, such as a lagoon or a waste storage structure, permutted under this Section shall contmuetobe

subject to the conditions and requirements of the facility's permit until closed to NRCS standards and the permit is
rescinded by the Division. Closure shall include pre-notification to the Division and submittal of chsure formsupplied by
the Division or forms approved by the Division as providing the same information as required by the Division's forms

within 15 days of completion of closure.

History Note: Authority G.S. [43-215.1; 143-215.3(a); 143-215.104;
Eff September 1, 2006.
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ISANCACO02T 1307  SWINEWASTE MANAGEMENT S YSTEM PERFORMANCE STANDARDS

(a) This Rule applies to animal waste management systems subject to regulation under G.S. 143-215.10L

(b) An animal waste management systemthat serves a swine farm subject to regulation under G.S. 143-215.10], shallneet
all of the following performance standards:

O Eliminate the discharge of animal waste to surface waters and groundwater through direct discharge,
seepage, or runoff. To meet this standard:
(A) Earthen structures must be designed and constructed with synthetic liners to elimmate
seepage.
2)) Solids storage structures shall meet applicable engineering practices and NRCS design
standards.

(@) The Certified Animal Waste Management Plan (CAWMP) must meet current NRCS standards
for a Comprehensive Nutrient Management Plan (CNMP) as defined by Part 600, Subpart Eof
the NRCS National Planning Procedures Handbook, which are hereby mcorporated by
reference, including any subsequent additions or amendments. The handbook may be

downloaded at no cost from the NRCS website:
http//www.nres.usda.gov/technical/afo/cnmp _guide indexhtml
D) Swine waste treatment structures that automatically convey swine waste using pumps st

have audible and visible high water alarms with an auto dialer device set to contact thefam
owner or farm manager; a gravity overflow to a basin that can contam the flow rate of the
largest pump in the system for the maximum amount of time that an operator will not be on-
site; or a secondary containment structure designed, constructed, and operated to contain
the volume of the largest animal waste treatment structure and the flow rate of the largest
pump in the system for the maximum amount of time that an operator will not be on-site.

42 No more than the equivalent volume of one month of design flow of untreated swine waste
shall be accumulated and stored prior to the initiation of treatment.
@ Substantially elimmate atmosphernc emission of ammonia. To meet this standard:
(A) Combined ammonia emissions from swine waste treatment and storage structures may not
exceed an annual average of 0.2 kg NH;-N/wk/1.000 kg of steady-state live weight;
®) Ammonia emissions fromland application sites shall not exceed an annual average of 02kg
NH;-N/wk/1,000 kg of steady -state live weight; and
© Ammonia emissions fromthe swine farm must not exceed an annual average of 0.9 kg NH;-
N/wk/1,000 kg of steady -state live weight.
3 Substantially eliminate the emission of odor that is detectable beyond the boundaries of the pacelor

tract of land on which the swine farm is located. To meet this standard, swine waste management
systems must reduce odor levels, frequency, and duration from the whole farm, such that the
requirements of 15A NCAC 02D 1808 are met at the property boundary.

€Y Substantially elimnate the release of disease-transmitting vectors and arbome pathogens. To meet
this standard:
(A) Swine waste management systems shall meet the vector attraction reduction requirenents in
Rule .1107 of this Subchapter for the land application of separated solids and biological
residuals.
B Swine waste management systems shall meet the pathogen reduction requirements n Rule

.1106 of this Subchapter for Class A biosolids that are to be land applied pursuant to Rule
.1106(a)(1) or for Class B biosolids that are to be otherwise applied to land.

(®) Fecal coliform concentrations in the final liquid effluent shall not exceed an annualaverage of
7,000 Most Probable Number/100mL..
(5 Substantially eliminate nutrient and heavy metal contamination of soil and groundwater. Tomeetthis

standard, swine waste management systems that land apply effluent shall:

(A) Meet the current NRCS requirements for a Comprehensive Nutrient Management Plan
(CNMP) as defined by Part 600, Subpart E of the NRCS National Planning Procedures
Handbook; and

B) Demonstrate through predictive calculations or modeling that land application of swine waste
at the proposed rate will not cause or contribute to a violation of groundwater standards
under 15A NCAC 021
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History Note:  Authority G.S. 143-215.1; 143-215.3(a),; 143-215.104; 143-215.101;
Eff January 1, 2009.
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ISANCACO02T.1308  EVALUATION AND APPROVAL OF SWINE WASTE MANAGEMENT S YSTEMS

(a) This Rule establishes requirements for the evaluation, approval and permitting of swine waste management systens
that are required to meet the performance standards in Rule .1307 of this Section.

(b) APPLICATION: The apphcant shall submit a permt application m writing to the Division showing that a swine waste
management systemmeets the performance standards. The application shall include the following:

¢)) operation and maintenance procedures, system classification, proposed managemententity and system
operator requirements;

@) a description of the swine waste management system, including materials used in construction, and its
proposed use;

3 a summary of any literature, published research, and previous experience with and performance of a
waste management system of similar waste characteristics;

C)) results of 12 months of testing, research or monitoring of pilot- or full-scale operational system(s), and

shall identify whether the testing, research or monttoring provided was conducted by a thid party
research or testing organization;

(5 documentation of the protocol used to evaluate the performance of the swine waste management
systemny,
©) the identity and qualifications, if applicable, of any proposed research or testing organization and the

principal investigators, and an affidavit certifying that the organization and principalinvestigators have
no conflict of interest and do not stand to gamn financially from the sale of the technology;

(N an affidavit certifying that the swine waste management system submitted for approval is the same as
the certified or listed product: or identify any modifications made to the submitted system;

(8) a procedure to address system malfunction and replacement;

©) notification of any proprictary or trade secret mformation, system, component, or device;

(10 engmneering design documents. If required by G.S. 89C, a professional engineer shall prepare these
documents. The following documents shall be provided to the Division by the applicant:
(A) engineering plans for the entire system, including treatment, storage, application, and

disposal facilities and equipment except those previously permitted unless those previously
permitted are directly tied mnto the new units or are critical to the understanding of the
complete process;

B specifications describing materials to be used, methods of construction, and means for
ensuring quality and integrity of the finished product including leakage testing; and
© engineering calculations meluding hydraulic and pollutant loading for each treatment unit,

treatment unit sizing criteria, hydraulic profile of the treatment system, totaldynamichead and
system curve analysis for each pump, buoyancy calculations, and irrigation design;
an a complete permit application in accordance with Section .0100 of this Subchapter; and
(12) In lieu of the requirements of Subparagraphs (b)(3) through (b)(6), the applicant may subnt data fioma
full-scale facility previously permitted by the Division.
(¢) APPROVAL OF NEW OR EXPANDING SWINE WA STE MANAGEMENT SYSTEMS: The Division shall reviewall
applications submitted in accordance with Rule .0107 of this Subchapter. The Division shall approve the swine waste
management systemin accordance with Rule .0108 of this Subchapter. when the applicant can show that the perfonmance
standards of Rule .1307 of this Section will be met.
(d) MONITORING REQUIREMENTS: Once the newly permitted system reaches full capacity or within six months,
whichever comes sooner, the permittee shall monitor system performance for two years with quarterly sanplng to assure
that the treatment system is meeting performance standards. If, after two years the treatment systemis comphant with
Rule .1307 of this Section, the permittee shall monitor for comphance with the performance standards in Rule 1307 onthe
following schedule:
¢)) Ammonia emissions monitoring from swine waste treatment and storage structures shall beas follows:
(A) Ammonia arr emissions fromopen-air structures shall be directly sampled once per calendar
year, with alternating years having sampling during the summer and winter seasons, or
2)) Liquid from open-air waste treatment and storage structures shall be sampled at anmmmumof
once per quarter.
@) Monitoring of odor intensity shall be on an annual basis, with alternating years having sampling
during the summer and winter seasons.
3 Efffuent monitoring shall be at a minimum of once per quarter.
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History Note:  Authority G.S. 143-215.1; 143-215.3(a),; 143-215.104; 143-215.101;
Eff January 1, 2009.
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ISANCACO02T.1309 LAGOON CONVERSION REQUIREMENTS

(a) This Rule applies to existing animal waste management systems that convert from anaerobic lagoons as the pumary
method of treatment to an animal waste management systemthat meets the requirements of Rule . 1307 of this Section, and
have not expanded the steady -state live weight of the swine farm.

(b) Upon approval by the Division, a permittee may abandon and close out an animal waste management system
permitted under Rules .1307 and .1308 of this Section and revert to the requirements of Rule .1304 or . 1305 of this Section.
The Division shall approve the reversion if all of the followmg criteria are met:

O The animal waste management system is constructed according to the design and specifications
approved by the Division according to the rules in this section;

@) The animal waste management systemis operated and maintained in accordance with the rules nthis
Section;

3 The permit for the anaerobic lagoon animal waste management system issued prior to 1 September2007
pursuant to S.I.. 2007-523(1)(b) remams valid; and

(€Y, The anaerobic lagoon animal waste management system has been mamtained and can operate in

compliance with the requirements of its permit.

History Note:  Authority G.S. 143-215.1; 143-215.3(a),; 143-215.104; 143-215.101;
Eff January 1, 2009.
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15A NCAC 02T .1310 is proposed for adoption as follows:

1SANCAC 02T .1310 SURFACE WATER AND GROUND WATER MONITORING
(a) All facilities not permitted by regulation pursuant to Rule .1303 of this Section shall monitor any unpermitted
waste discharge to surface waters.

)] All runoff of waste from receiver sites or discharges from storage structures shall be sampled at
least once during the event. For the purposes of this provision, an event is defined as the time
from the beginning of the discharge of waste until the discharge of waste is ceased regardless of
the duration of discharge. The discharge shall be sampled for the parameters in Subparagraph
(a)(4) of this Rule.

2) Facilities with known subsurface drains shall make visual observations of subsurface drains during
all land application of waste events. If visual observations indicate that waste may be present in
the subsurface drain discharge, the permittee shall sample the subsurface drain discharge for the
parameters in Subparagraph (a)(4) of this Rule. Additional observations and sampling may be
required based on violations related to land application of waste events and known discharges
from subsurface drains.

3) At least twice per year, facilities with known subsurface drains shall make visual observations of
subsurface drain outlets within forty-cight hours after a land application event and after a rainfall
event subsequent to a land application event for a minimum of two visual inspections per year for
each field with subsurface drains. If visual observations indicate that waste may be present in the
subsurface drain discharge, the permittee shall sample the subsurface drain discharge for the
parameters in Subparagraph (a)(4) of this Rule. Additional observations and sampling may be
required based on vielations related to land application of waste events and known discharges
from subsurface drains.

€] Waste discharges shall be sampled for the following parameters: 5-day Biochemical Oxygen
Demand (BOD:s), Total Kjeldahl Nitrogen (TKN), Ammonia Nitrogen (NH;-N), Nitrate Nitrogen
(NO;-N), Fecal Coliform, and Chloride.

(b) A surface water monitoring plan, for all facilities not permitted by regulation pursuant to Rule .1303 of this
Section, shall be established, in accordance with the schedule provided in Rule .1311 of this Section, to track the
performance of the permitted system, verify that the system is protective of surface water standards as well as
document water quality parameter concentrations in adjacent surface waters, and compliance with permit discharge
limitations.

¢)) The Division shall determine up to three representative sampling locations per farm site including
one location that provides background conditions. The Division may consider recommendations
by the permittee regarding sampling locations. Representative locations shall include waters in
groundwater lowering ditches and subsurface drains when present. Representative locations shall

consider soils, hydrogeology, loading rates, and application methods. Where surface water

lofé6
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locations are not representative for the receiver sites or storage structures, monitoring ground

waters adjacent to surface waters may be required. Representative surface water locations for

artificially drained receiver sites include:

(A) Groundwater lowering ditches that are collectively representative of subsurface drain
discharges from receiver sites or storage structure sites if the ditch is a discernible and
discrete source of groundwater from receiver sites or storage structure sites; or

B) Subsurface drains may be selectively sampled (i.c., one drain sampled to be
representative of multiple drains in a receiver site or storage structure site) based on
uniformity of application across fields (both design and actual), soil characteristics, and
hydrogeologic setting.

If three surface water sampling locations cannot be identified on or adjacent to the farm site, the

monitoring plan may be reduced to only those representative locations on or adjacent to the farm

site such as intermittent and perennial streams, perennial waterbodies, subsurface drain outlets,
groundwater lowering ditches.

The plan shall include three sampling events every calendar year, except as otherwise provided for

in this Paragraph, as follows:

(A) One sampling event during the months of January or February;

B) One sampling event after a representative land application event during the months of
March or April;
(&) One sampling event after a representative land application event during the months of

July, August, or September; and
D) For any of the sampling events required by this Subparagraph, if flow at sampling
locations is not present at the time of scheduled sampling, sampling shall occur when
flow is present at the sampling location. If a representative land application event does
not occur during the prescribed months, a sample shall be taken after the next land
application event.
Samples shall be collected and analyzed for the following constituents: Ammonia Nitrogen (NH;-
N), Nitrate Nitrogen (NO;-N), and Chloride.
Where there is adequate documentation of functioning best management practices, features such
as storage structures meeting NRCS standards, riparian buffers, or drainage control structures in
artificially drained sites, contingent on the continued proper operation and maintenance of these
features, a monitoring plan may be reduced in scope and frequency based on the effectiveness of
those features.
Requests for reduction in monitoring may be submitted to the Division. Requests for reduction in
frequency, including elimination of monitoring, shall be based on the consistency of historical
data, time of monitoring with respect to expected pollutant time of travel, the levels of pollutants

in historical data, other criteria in this Paragraph, and the priorities in Rule .1311 of this Section.

20f6
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@) Notwithstanding the provisions in Subparagraphs (b)(1) — (b)(6) of this Rule, changes in
monitoring plans established in accordance with the provisions of this Rule may be required to:
(A) determine the extent of detected pollutants beyond the area actively monitored based on
data submitted;
B) further quantify pollutants based on data submitted;
© further delineate fate of pollutants in surface water;

1)) document impact of an increase, or further increase, in loading rates;

(E) address changes in management practices;

1) assess deficiencies that may increase loadings to surface waters; or

(@ assess deficiencies of the monitoring plan established in accordance with the provisions
of this Rule.

(c) Permittecs may join monitoring coalitions upon entering a Memorandum of Agreement with the Division to
monitor collectively in licu of monitoring on a permit-by-permit basis. In such cases, monitoring by the coalition
shall serve in place of any monitoring required by Paragraph (b) of this Rule. If at any time a permittee terminates
membership in the coalition while maintaining a permit, the permittee shall immediately notify the Division and
monitor as stipulated in the permit. Monitoring by coalitions shall be based on the following criteria:

)] The coalition plan shall be based on the criteria in Paragraph (b) of this Rule and Rule .1311 of
this Section;

)] Each member farm site shall have at least one representative sampling location;

3) Additional sampling locations not located on member farm sites may be included to document
functionality or applicability of BMPs, riparian buffer efficiency, or other management practices;
and

€)) The coalition plan may consider sampling locations of other coalitions, Division ambient sampling
locations, and other ambient monitoring locations where the data is submitted to the Division or is
publicly available.

(d) Establishment of a groundwater monitoring plan.

¢)) A monitoring plan shall be established to assess the facility’s impact on ground waters when water
supply wells on property not owned by the permittee are downgradient of ground water beneath
receiver sites or waste storage structures and at least one of the following:

(A) the off site water supply has contamination of pollutants that are known or likely to be
present in the waste applied or stored on the farm as well as water quality parameters
related to those pollutants;

®B) violations for over application of waste; or

© documentation that waste storage structures do not meet NRCS standards.

) The Division shall notify any facility that meets the criteria in Subparagraph (d)(1) of this Rule of
the requirement to establish a monitoring plan as well as the requirements provided in 15A NCAC
02L.

30f6
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3) The scope and type of monitoring plan as well as the parameters to be monitored shall be based
on:

(A) permitted and actual application rates (both hydraulic and nutrient);

B) materials, nutrients or other waste applied to receiver sites;

© adsorption and degradation of pollutants within the soil matrix;

D) site-specific hydrogeology and soils;

(E) likelihood of secondary and cumulative impacts including vulnerability (proximity to,
hydrogeologic setting, well construction) of water supply wells and groundwater
classification; and

) pollutants that arc known or likely to be present in the waste stream based on source of
wastewater or water quality parameters related to those pollutants.

“@ In addition, requests for reduction in monitoring may be submitted to the Division. Requests for

reduction in frequency, including elimination of monitoring, shall be based on the consistency of

historical data, time of monitoring with respect to expected pollutant time of travel, and the levels

of pollutants in historical data, as well as the factors in Subparagraph (d)(3) of this Rule.

3) Notwithstanding the provisions in Subparagraphs (d)(1) — (d)(4) of this Rule, changes in

monitoring plans established in accordance with the provisions of this Rule may be required to:

(A)

B)
©
D)
(E)

determine the extent of detected pollutants beyond the area actively monitored based on
data submitted;

develop and implement a corrective action plan in accordance with 15A NCAC 02L;
document impact of an increase in loading rates;

assess deficiencies that may further increase loadings to ground waters; or

assess deficiencies of the monitoring plan established in accordance with the provisions
of this Rule.

(¢) Results of all analyses and inspections required by this Rule shall be reported to the Division annually, except

for waste discharges that require immediate notification or as otherwise required by Commission rules, on Division

supplied forms or forms approved by the Division as providing the same information as required by the Division's

forms.

History Note: Authority G.S. 143-215.1; 143-215.37a); 143-215.64

/A
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15A NCAC 02T .1311 is proposed for adoption as follows:

1SA NCAC 02T .1311 SURFACE WATER MONITORING IMPLEMENTATION
(a) New and expanding facilities shall submit with the permit application a proposed monitoring plan as provided in
Rule .1310 of this Section for the entire facility to be covered by the permit.
(b) For existing facilities, provisions for monitoring plans in Paragraph (a) of Rule .1310 of this Section, not
previously required in permits, shall be incorporated into permits upon renewal.
(¢) For existing facilities in operation prior to July 1, 2008, the Division will provide 60 days notice prior to
establishing a monitoring plan that addresses the provisions of Paragraph (b) of Rule .1310 of this Section. The
Division shall implement the provisions of Paragraph (b) of Rule .1310 of this Section for the following watersheds
and in the following order:

1) Facilities in the Neuse River Basin in subbasins 03-04-03, 03-04-07, 03-04-08, 03-04-09, and 03-

04-11;

)] All other facilities in the Neuse River Basin not included in Subparagraph (¢)(1) of this Rule;

3) Facilities in the Tar-Pamlico Basin;

“) Facilities in the White Oak Basin;

%) Facilities in subbasin 03-06-22 in the Cape Fear River Basin;

©) Facilities in subbasin 03-06-19 in the Cape Fear River Basin;

(7 Facilities in the Cape Fear River Basin not included in Subparagraphs (¢)(5)-(c)(6) of this

Paragraph;
®) Facilities in the Chowan River Basin;
¢)) Facilitics in the Lumber River Basin; and

10) Facilities in the Roanoke, including and downstream of subbasin 03-02-08, and Pasquotank River
Basins.
(d) Notwithstanding Paragraph (c) of this Rule, monitoring plans that address the provisions of Paragraph (b) of
Rule .1310 of this Section may be required for the following:
¢)) For any additional watersheds where animal facilities have caused or contributed to impairments,
or predicted to be a cause or contribution, as determined in Basinwide Management Plans or
stream classifications pursuant to 15A NCAC Subchapter 02B;
) For watersheds in, but outside the order of, Paragraph (c) of this Rule where animal facilities have
caused or contributed to impairments, or predicted to be a cause or contribution, as determined in
Basinwide Management Plans or stream classifications pursuant to 15A NCAC Subchapter 02B;
and
3) Additional facilities based on the criteria in Rules .1310(b)(7)(D), .1310(b)(7)(E), and
.1310(b)(7)(F) of this Section.

50f6
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1 (¢) Nothing in this Rule shall limit the Director in requiring ground water monitoring where water supply wells may
2 be impacted based on the criteria in Paragraph (d) of Rule .1310 of this Section; or where non-compliance with the

3 rules of the Commission or a permit under this Section would increase the likelihood of ground water or surface

4 water loadings.

5

6  History Note:  Authority G.S. 143-215.1; 143-215.3(a); 143-215.64

7 Eff:
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UNITED STATES ENVIRONMENTAL PFROTEC

WASHINGTON, DO 2Mdan

Returp Receipt Requested In Replv Refer to:
Certified Mail#: 7004-1160-0002-3622-5056 EPA File No. 11R-14-R4

Marianne Engleman Lado
and Jocelyn D’ Ambrosio

Earthjustice

48 Wall Street, 19" Floor

New York, NY 10005-2967

Re:  Notification of Receipt of Administrative Complaint

Dear Ms. Lado and Ms. D> Ambrosio:

This is to notify you that the U.S. Environmental Protection Agency (EPA),
Office of Civil Rights (OCR), received your complaint on September 4, 2014, Your
correspondence alleges that the North Carolina Department of Environment and Natural
Resources violated Title VI of the Civil Rights Act of 1964, 42 U.S.C. §8 2000d to
2000d-7, and the United States Environmental Protection Agency’s implementing
regulations, 40 C.F.R. Part 7.

OCR is responsible for processing and investigating complaints alleging
discrimination by programs or activities that receive financial assistance from EPA.
Pursuant to EPA’s nondiscrimination regulations, OCR reviews the complaint for
acceptance, rejection, or referval to another Federal agency. 40 C.F.R. §7.120(d)(1).
Once this jurisdictional review is complete, OCR will notify you about its decision.

It your complaint is accepted for investigation, it may become necessary for OCR
to reveal your identity to the entities listed above. Please read the enclosed consent/
release form, as well as the information about your rights and protections. Please
complete the consent/release form and return the form to the address below within ten
{10} calendar days after your receipt of this letter,

EPA’s nondiscrimination regulations also provide that OCR must attempt to
resolve complaints informally whenever possible (40 C.F.R. §7.120(d)(2). Accordingly,
if your complaint is accepted for investigation, OCR may discuss offers to informally
resolve the complaint, and may, to the extent appropriate, facilitate an informal resolution
process with the involvement of affected stakeholders.
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In the interim, if you have any questions about the status of this complaint, please
contact Ericka Farrell of my staff at (202) 564-0717 or via e-mail at farrell erickai
£pa.goy.

Sincerely, N

%
k "? (:."
§F -
i

Helena Wooden-Aguilar
Acting Deputy Director
Office of Civil Rights

Enclosures

ce: Kevin Redden, Assistant General Counsel
Civil Rights & Finance Law Office (MC 23 99A)

Ken LaPierre, Deputy Civil Rights Official
EPA Region IV

Naima Halim-Chestnut, EEO Officer
EPA Region IV '

Beverly Banister, Title VI Contact
EPA Region IV
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ENITED STATES ERVIROMNMENTAL PROTECTION AGENCY
WARMINGTON, DO 20460

23
P

Return Receipt Reguested In Replv Refer to:
Certified Mail#: 7004-1160-0002-3622-9063 EPA File No.: 11R-14-R4

Tom Reeder

Director, Division of Water Resources

Division of Water Resources

North Carolina Department of Environment
and Natural Resources

1611 Mail Service Center

Raleigh, NC 27699-1611

Re:  Motification of Receipt of Administrative Complaint

Dear Mr, Reeder:

This is to notify you that the U.S. Environmental Protection Agency (EPA),
Oftice of Civil Rights (OCR), received an administrative complaint on September 4,
2014, alleging that the North Carolina Department of Environment and Natural
Resources (DNER) violated Title VI of the Civil Rights Act of 1964, as amended, and
EPA’s nondiscrimination regulations found at 40 C.F.R Part 7. (A copy of the redacted
complaint 1s enclosed.)

OCR is responsible for processing and investigating complaints alleging
discrimination by programs or activities that receive financial assistance from EPA.
Pursuant 1o EPA’s nondiscrimination regulations, OCR will review the complaint for
acceptance, rejection, or referral to another Federal agency. 40 CF.R. §7.120(d)(1).
{nce this jurisdictional review is completed, OCR will notify you about its decision.

EPA’s nondiscrimination regulations also provide that CCR must attempt to
resolve complaints informally whenever possible (40 C.F.R. §7.120(d)(2). Accordingly,
if' the complaint is accepted for investigation, OCR may discuss offers to informally
resolve the complaint, and may, to the extent appropriate, facilitate an informal resolution
process with the involvement of affected stakeholders.
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In the interim, if you have any questions about the status of this complaint, please
contact Ericka Farrell of my staff at (202) 564-0717, via e-mail at farrellericka@iepa.gov,
or via mail at U.S, EPA, Office of Civil Rights (Mail Code 1201A), 1200 Pennsylvania

Avenue, N.W., Washington, D.C. 20460.

Enclosures
e Kevin Redden, Assistant General Counsel

Civil Rights & Finance Law Office (MC 2399A)

Ken LaPierre, Deputy Civil Rights Official
EPA Region [V

Naima Halim-Chestaut, EEQ Officer
EPA Region [V

Beverly Banister, Title VI Contact
EPA Region IV

b

Sincerely,

[S/

Helena Wodden-Aguilar
Acting Deputy Director
Office of Civil Rights
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North Carolina Department of Environment and Natural Resources

Pat McCrory John E. Skyvarla,
{Governor Secrefary

October 1, 2014

MEMORANDUM

TO: ENVIRONMENTAL REVIEW COMMISSION
The Honorable Mike Hager
The Honorable Ruth Samuelson
The Honorable Brent Jackson

FISCAL RESEARCH
Mr. Mark Trogdon, Director, Fiscal Research Division

FROM: Neal Robbins, Director of Legislative Affairs
SUBJECT: 2014 Animal Waste Management Annual Report
DATE: October 1, 2014

Pursuant to G.S. 143-215.10M, the Department of Environment and Natural Resources shall submit
to the Environmental Review Commission and the Fiscal Research Division a report on the
permitting, inspection, and compliance activity of animal waste operations across the state by
October 1* of each year. Please consider the 2014 Animal Waste Management Report attached as
the formal submission of this report.

If you have any questions or need additional information, please contact me by phone at (919)
707-8618 or via e-mail at neal robbins@ncdenr gov.

cc. Mitch Gillespie, Assistant Secretary for Environment, NCDENR
Thomas A Reeder, Director, DWR, NCDENR
Kristin Walker, Fiscal Research Division
Mariah Matheson, Research Division, NC General Assembly
Lanier McRee, Fiscal Research Division, NC General Assembly

1601 Mail Service Center, Raleigh, North Caroling 27698-1601 ; ’\}{3 T
Phone: 818-707-8600  Internel. waw nodent gov N {J}? thCarolina
An Eguzl Opportunity § Afirmative Action Employer ~ 50% Reoyelad 4 10% Post Consumer Paper &!;\%v’(ﬁ fzf f ng gf
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Department of Environment and Natural Resources
Annual Report on Animal Waste Operations Permitting, Inspection and Compliance
Activities

July 1, 2013 through June 30, 2014

Per G.S. 143-215.10M, the Department of Environment and Natural Resources reports annually to the
Environmental Review Commission and Fiscal Research Division on the permitting, inspection, and compliance
activity of animal waste operations across the state. Accounting for activities required under G.S. 143-215.10F and
S.L. 1997-443 (and its subsequent amendments) is also included in this report.

General Statute 143-215.10F requires annual inspection of every permitted animal operation by the Division of
Water Quality (DWQ) (Divisions of Water Quality and Water Resources have merged into one program called the
N.C. Division of Water Resources (DWR), effective August 1, 2013). Under S.L. 1997-443, the Division of Soil and
Water Conservation (DSWC) (effective July 1, 2011, DSWC is a division under the Department of Agriculture and
Consumer Services) has been conducting a pilot project inspecting swine operations in Brunswick, Columbus,
Jones & Pender counties. Effective July 1, 2011, HB 200 removed the requirement for DSWC to inspect each
animal operation annually and removed funding for the operations reviews. As a result, DWR conducts all routine
animal operation inspections except for those facilities located in the above mentioned counties. DSWC continues
to perform pilot program inspections under S.L. 1997-443, and provides technical assistance and operation review
inspections upon request.

The tables below indicate the number of inspections performed by the DWR and the DSWC, the numbers of
violations identified during inspections, enforcement actions initiated, and permits issued for July 1, 2013 through
June 30, 2014.

Overall, the two divisions conducted 2,295 compliance inspections and operation reviews during the 2013-2014
fiscal year throughout the seven regional offices (Table 1). Regional office abbreviations are explained at the end
of this document. Each facility received at least one compliance inspection by DWR, or by DSWC in pilot counties.

Table 1. Inspection activities of DWR and DSWC staff during the 2013-2014 fiscal year.

INSPECTIONS
Routine DWR annual compliance inspections 21 782 60 296 434 440 102 2065
inspections conducted due to complaints 4 2 1 3 0 4 3 17
Follow-up of previous review or inspection 1 5 1 2 2 4 3 18
Emergency Notification 0 1 1 0 1 1 0 4
Lagoon Evaluations 0 3 0 g 0 5 27
Other inspections 0 1 0 0 0 4 7
39 118 157
Routine DSWC annual compliance inspections 39 118 157
inspections conducted due to complaints 0 0 0
Follow-up of previous review or inspection 0 0 0
Emergency Notification 0 0 0
Response to DWR referral 0 0 0
Other inspections 0 0 0
0 0 0
Routine operation reviews 0 0 0 0 0 0 0 0
Technical Assistance 0 0 0 0 0 0 0 0
Follow-up of previous review or inspection 0 0 0 0 0 0 0 0
Emergency Notification 0 0 0 0 0 0 0 0
Other inspections 0 0 0 0 0 0 0 0
26 794 63 236 476 576 124 2295
24 744 74 221 515 669 91 2338

**Pilot Project, S.L. 1997-443 and subsequent amendments.
** Total number of permitted facilities.
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Table 2 presents the total number of animal permits issued by DWR by regional office in FY 2013-14. This number
includes new projects, as well as, any modifications made to existing permits including renewals. Approximately
2,300 farms are covered under State General Permits, which are renewed on a five-year cycle. The next renewal
for these permits is taking place in 2014 for which DWR received approximately 2200 applications so far. These
applications are under review and are not included in these tables. The permits will be issued October 1, 2014.

Table 2. Permits issued by DWR for animal operations in each Regional Office during July 1, 2013 through June
30, 2014.%.

ANIMAL OPERATIONS PERMITS ISSUED

Includes modifications, renewals, and new projects

Tables 3 and 5 provide a summary by regional office of numbers and types of deficiencies and viclations found
during DWR and DSWC inspections over the past fiscal year. Some of these violations were self-reported and
were included in the table to provide a complete picture of the number of deficiency or violation letters issued.

Table 3. Deficiencies and violations found during DWR and DSWC inspections during the past fiscal year by
each Regional Office.

DEFICIENCIES AND VIOLATIONS IDENTIFIED

mpliance inspections and may include multiple violations at a single facility.

**Some violation letters were sent due to violations that were self-reported, and not discovered during an inspection.

***Some enforcement actions being developed by the regional staff are normally not shown as actions initiated during that year. These actions will be included in the next
annual report.

Out of the 2,295 inspections, approximately eight percent of the inspections identified violations (Table 4). Note
that each inspection reviews seven major items and with 2,295 inspections, there is the potential for a total of
16,065 major violations. There were 178 violations identified (less than one percent of the universe of potential
violations). Inadequate freeboard, unpermitted discharges from the systems, evidence of over application and use
of crops not identified in the permit were the most common violations and deficiencies (Tables 4 - 6). Cattle and
Swine facilities had the highest number of violations and deficiencies among the types of animal operations (Table
6).
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Table 4. A breakdown of specific violations discovered during DWR and DSWC inspections during the past

fiscal year.
DEFICIENCIES AND VIOLATIONS IDENTIFIED
38 21.3% 1.7%
Of the total discharges identified, the number of
discharges that reached surface waters of the state (23) {12.9%) (1.0%)
67 37.6% 2.9%
p q
freeboard, the number of inspections with freeboard noted (30) {16.9%) (1.3%)
at less than 1 foot
0 0.0% 0.0%
41 23.0% 1.8%
8 4.5% 0.3%
1 0.6% 0.0%
23 12.9% 1.0%
178 100.0% 7.8%

Table 5. Deficiencies and violations discovered during DWR and DSWC inspections by Regional Office over the
past fiscal year.

DEFICIENCIES AND VIOLATIONS IDENTIFIED
1 3 8 12 2 3 9 38
discharges that reached surface waters of the state )] (2) (6) (10) ) (1) 3) (23)
. 0 7 3 14 5 17 21 67
Of the total inspections identified with inadequate
freeboard, the number of inspections with freeboard noted () (0) (2) (8) () (8) (12) (30)
0 0 0 0 0 0 0 0
0 3 0 10 8 6 14 41
1 0 0 4 0 0 3 8
0 0 0 0 0 1 0 1
0 4 3 5 1 2 8 23
2 17 14 45 16 29 55 178
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Table 6. Deficiencies and violations found during inspection by DWR and DSWC at each type of animal

operation over the past fiscal year.

DEFICIENCIES AND VIOLATIONS IDENTIFIED

discharges that reached surface waters of the state

Of the total inspections identified with inadequate
freeboard, the number of inspections with freeboard noted
at less than 1 foot

Regional Office Abbreviations:

ARO — Asheville Regional Office

FRO - Fayetteville Regional Office

MRO — Mooresville Regional Office

RRO — Raleigh Regional Office

WARO - Washington Regional Office
WIRO — Wilmington Regional Office
WSRO — Winston-Salem Regional Office

) (17) ©) ©) (23)
38 25 4 0 67
(1 | a7 () ©) (30)
0 0 0 0 0
21 18 2 0 M
1 5 2 0 8
1 0 0 0 1
6 17 0 0 23
78 88 12 0 178
2116 | 192 24 4 2338
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HIGHLIGHTS

= We studied the sanitary quality of surface water proximal to swine CAFOs.

- Fecal indicator bacteria levels suggest poor water quality proximal to swine CAFOs.

» Swine-specific Bactersidales were more prevalent proximal down- vs proximal upstream.
* Swine-specific Bacteroidales can help track fecal waste proximal to swine CAFOs.

ARTICLE INFO

Article history:

Received 28 October 2014

Received in revised forrn 18 Decernber 2014
Accepted 19 December 2014

Available online 17 January 2015

Editor: I. Barcelo

Keywords:

Swine

Concentrated animal feeding operation
ral poliution

E. cofi

Enterococcus

Microbial source tracking

Run-
Water quality

ABSTRACT

Swine farming has gone through many changes in the last few decades, resulting in operations with a high animal
density known as confined animal feeding operations (CAFQs). These operations produce alarge quantity of fecal
waste whose environmental impacts are not well understood. The purpose of this study was to investigate micro-
bial water quality in surface waters proximal to swine CAFOs including microbial source tracking of fecal mi-
crobes specific to swine. For one year, surface water samples at up- and downstream sites proximal to swine
CAFO lagoon waste land application sites were tested for fecal indicator bacteria (fecal coliforms, Escherichia
coli and Enterccoccus) and candidate swine-specific microbial source-tracking (MST) markers (Bactercidales
Pig-1-Bac, Pig-2-Bac, and Pig-Bac-2, and methanogen P23-2), Testing of 187 samnples showed high fecal indicator
bacteria concentrations at both up- and downstrearn sites, Overall, 40%, 23%, and 61% of samples exceeded state
and federal recreational water quality guidelines for fecal coliforms, E. cofi, and Enterococcus, respectively. Pig-1-
Bac and Pig-2-Bac showed the highest specificity to swine fecal wastes and were 247 {95% confidence interval
[C1] = 1.03, 5.84) and 2.30 times (85% {J = (.90, 5.88) as prevalent proximal down- than proximal upstream
of swine CAFUs, respectively, Pig-1-Bac and Pig-2-Bac were also 2,87 (95% (I = 1.21, 6.80) and 3.36 (95%
Cl = 1.34, 8.41) times as prevalent when 48 hour antecedent rainfall was greater than versus less than the
mean, respectively. Results suggest diffuse and overall peor sanitary quality of surface waters where swine
CAFQ density is high. Pig-1-Bac and Pig-2-Bac are useful for tracking off-site conveyance of swine fecal wastes
into surface waters proximal to and downstream of swine CAFOs and during rain events,

© 2014 Elsevier BV, All rights reserved.

1. Introduction

Reimer, 2006}, In North Carclina (NC) between 1991 and 1998, the
number of swine increased from 3.7 million to over 10 million, placing

Hog production in the United States {US) has shifted from numerous
smoall family farms to fewer large vertically integrated concentrated an-
imal feeding operations (CAFOs) {MacDonald and McBride, 2009;

* Corresponding author at: Department of Environmental Health Sciences and
Department of Epiderniclogy, Johns Hopldns Bloomberg School of Public Health, Johns
Hopkins University, 615 North Wolfe Street, Roorm W7033B, Baltimore, MD 21205 USA.
F-mail address: cheaney1@jhuedu (CD. Heaney ).

hitp//dxdolorg/ 10,1016/ sctoteny 2014.12.062
0048-8697/0© 2014 Elsevier BV, All rights reserved.

NC as the second leading state in US pork production {Edwards and
Ladd, 2000}, Since 1998, NC has remained the second leading US pork
producer with recent total hog and pig inventory estimates ranging
mostly between § to 9 million (NCDACS, 2012; USDA, 2007, 2012,
2013, 201 4), Swine CAFOs are disproportionately located in the castern
coastal plain region of NC (Wing et ak, 2000) and house large numbers
of animals whose waste is collected and stored in open-pits called la-
goons before the liquid waste is sprayed onto agricultural fields.
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According to 2012 county-level estimates of the North Carolina Depart-
ment of Agriculture and Consumer Services, the top five NC hog-
producing counties {Duplin, Sampson, Bladen, Wayne, and Jones) are
contiguous and have a population of over 5.6 million swine (NCDACS,
20125, Government officials, agricultural experts, and neighbors of
swine CAFOs have expressed concern that this scale of swine production
and the associated quantity of manure produced in a small area of land
could lead to over-application to agricultural fields and off-site convey-
ance of fecal pollution and contamination of surface waters (USGAD,
2008).

The NC Department of Environment and Natural Resources {NCDENR)
permits swine CAFOs as non-discharge facilities, Swine CAFO permits and
regulations include nutrient managemment plans for the application of lig-
uid waste according to agronomic rates of nutrient uptake of crops grown
on the permitted land application spray fields (Edwards and Ladd, 2000;
NCGA, 1995). However, questions remain about whether fecal pollution
from swine CAFOs in NC can be conveyed off-site of permitted spray fields
and whether there are impacts on the sanitary quality of surface waters
proximal to swine CAFOs (Jongbloed and Lenis, 1998; Krapac et al.,
2002; Thurston-Enriguez et ab, 2005).

in 2012, Buplin County, NC had an estimated swine population of
2,040,000 and an estimated poultry population (broiler and other
meat-type chickens as well as turkeys) of 88 500,000 {NCDACS, 2012},
Because sources of fecal contamination of surface water can be diverse -
with numerous potential animal and human inputs - better tools and
technologies are needed to track species-specific sources of fecal wastes.
Microbial source tracking (MST) methods are designed to improve the
identification of sources of fecal contamination (Boehm et al, 2013;
Dancer et al,, 2014; EPA, 2005), Several candidate swine-specific fecal
MST markers have been proposed {Mieszkin et al., 2009; Okabe et al,,
2007; Ulnar et al, 2007} with variable specificicy and unresolved
questions about the generalizability of the markers in different geo-
eraphic locations {Santo Domingo et al, 2007 Stewart et al, 2013),
Application of the proposed microbial source tracking markers to

i T T H T T T T H
0 2.5 5 10 Kt

Fig. 1. Map of surface water sampling sites proximal to swine concentrated animal feeding operation spray fields, North Carolina.

help evaluate management practices in agricultural watersheds has
also been limited, although studies in Ontario have used Bacteroidales
markers to assess livestock exclusion practices (Wilkes et al, 2013)
and to compare tile drainage management technigues (Wilkes et al.,
2014). Determining whether candidate swine-specific fecal MST
markers can be detected in environmental waters in NC, an area with
high swine density, is important to assess whether these markers
could be useful tools to evaluate and implement best management
practices (BMPs),

ti this study we aimed to evaluate the impact of swine CAFO liguid
waste land application on the sanitary quality of proximal surface
waters in NC The study’s specific objectives were to estimate concen-
trations of fecal indicator bacteria {fecal coliforms, Escherichia coli, and
Enterococcus) in surface waters proximal to swine CAFO liquid waste
land application spray fields and to field test candidate MST markers
of swine fecal wastes in surface water samples proximal to swine
CAFO liquid waste land application sites,

2. Methods
2.1, Study location

Sampling was conducted in the coastal plain region of eastern NC
where there is a high density of swine, chicken, and turkey CAFOs as
well as beef cattle on pasture. Swine CAFOs typically use liquid waste
management systems (lagoons and spray fields). whereas most poultry
CAFQs in the area use dry litter waste management systems in which
waste-faden litter is applied to fields. Many rural homes in the area
use septic systems for sewage disposal. Sampling locations were select-
ed proximal upstream and proximal downstream of three swine CAFO
liquid waste land application fields {Sites 1-3), where streams could
be sampled from a public right-of-way. We use the letters A and B to
denote proximal upstream and proximal downstream locations, respec-
tively, at each swine CAFO surface water sampling site; however, “A”

Water Sampling Locations
National Hydrography Datasst

Permitied Animal Facilities
& Swine

Satellite imagery from NAIP
Diuplin county, NC 2012
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sampling locations were proximal and downstream of numerous other
swine CAFOs. We could not identify accessible sampling locations in the
study watersheds where there were no upstream swine CAFOs.

2.2, Samiple collection

A total of 187 surface water samples were collected via weekdy sam-
pling for six months {from mid-February to mid-August 2010} and
monthly sampling (from mid-September 2010 to mid-janvary 2011}
to capture seasonal trends. Surface water samples were collected from
public access waters proximal to swine CAFO liquid waste land applica-
tion sites (Fig. 1). Seventy six samples were collected at Site A {proximal
upstream ) locations and 109 at Site B {proximal downstream) locations
{2 samples were missing site A/B designations), Sterile 4-fiter Nalgene
botties were used for collection after they were washed and autoclaved
for 15 minutes at 121 °C. Sample bottles were coded so that sample
processors were blinded during laboratory analysis, After collection,
samples were transported on ice, All samples were analyzed for fecal co-
fiform bacteria within 24 hours of sample cellection. Known-source
fecal waste samples (swine lagoon, swine wallow-water, swine feces,
and other animal feces) were collected in sterile containers and
transported to the laboratory in coolers on ice for analyses. Rainfall
data were obtained from a State Climate Office of North Carolina weath-
er station within 27-47 km of the sampling locations, Hourly incre-
ments of rainfall (inches) were combined to tabulate the cumulative
amount of rain (inches) that fell during the 24 and 48 hours before
sampling,

2.3, Fecal indicator bacteria estimates

Fecal indicator bacteria were quantified using standard membrane
fittration techniques {APHA, 2006). Fecal coliforms were quantified
by membrane filtration using modified fecal coliform (mFC) agar.
Enterccoccus were quantified by EPA method 1600 using medified mE
medium {mEl) containing the chromogenic substrate indoxyl-beta-D-
glucoside {EPA, 2008a}. E. coli were quantified by EPA method 1603
using modified m-TEC media {EPA, 2009b). Negative controls were
included in each membrane filiration analysis. Samples were filtered
in dilutions to obtain counts in the 30-300 colony forming units
{CFU3/100 mi range. To test reproducibility of fecal indicator bacteria
methods within the laborarory, samples were filtered in duplicate 20%
of the time, or every fifth set of samples. All duplicates were within an
order of magnitude of each other.

2.4. Swine fecal microbial source-tracking (MST) markers

To examine DNA in each surface water sample, 500 mi of water
was filtered using a 0.22 pm Durapore® (Millipore, Billerica, MA)
membrane. Excess filter paper, i.e. paper that was not exposed o
the sample, was cut aseptically and discarded before placing the fil-
ter in a PowerBead tube to extract DNA using the PowerSoil™ DNA
fsolation Kit (MO BIO Laboratories, Inc,, Carlsbad, CA) following the
manufacturer's instructions. Similarly, this kit was used to extract
DNA from 0.5 g of each known-source fecal sample with use of provided

Tabie 1

PowerBead tubes, as recormmended by the manufacturer, Swine lagoon
and wallow water samples were collected in sterile centrifuge bottles
and 250 mib of liquid were centrifuged at 3000 xg for 20 minutes, The
supernatant was removed to allow access to the pellet, and 0.5 g of
the pellet was placed into a PowerBead tube. Instead of utilizing the
MO BIO Vortex Adapter tube holder to vortex the PowerBead tubes
for 10 minutes as recommended by the manufacturer, the PowerBead
tubes were vortexed using the high energy Mini-Beadbeater {BioSpec
Products, Bartlesville, OK) for one minute. DNA extractions were stored
at — 80 °C and were used for multiple PCR assays.

A series of PCR assays were performed for swine-specific markers.
PCR assays for Pig-1-Bac and Pig-2-Bac were performed using a Glagen
QuantiTect Probe PCR kit and the Pig-Bac-2 and P23-2 assays were per-
formed using 5 PRIME MasterMix with the appropriate amount of de-
ionized water and primers according to manufacturer’s instructions
{Supplemental Table $1). Reactions for Pig-1-Bac and Pig-2-Bac assays
were conducted in duplicate using primers and probes described by
Mieszkin er al. (2009 using a Cepheid Smart Cycler model SC1000-1.
Although Pig-1-Bac and Pig-2-Bac assays were run on a real-time ma-
chine guantitative results are not reported because: (1) a standard
curve was not consistently run so we are not confident reporting quan-
titative results; and (2) we wanted to be consistent in our reporting
across the assays. Reactions for Pig-Bac-2 and P23-2 assays were
performed in duplicate as described by Okabe et al. {2007) and
Ufnar et al, (2007}, respectively. Reactions were carried out using
an Eppendorf MasterCycler gradient thermal cycler; then products
were visualized on a 1.5% agarose gel. All assays were performed
with negative controls. An internal amplification control (JAC) for the
P23-2 assay was used as described by [Hnar et al, {2007), This IAC was
also tested to determine the lower limit of detection {1077 uM). For
the Bactercidales PCR assays, extracts from a positive lagoon sample
and two pig fecal samples were used as positive controls, The same
saimples were consistently used as positive controls, although multiple
extracts were utilized from the sampies over the course of the study.

A separate PCR assay using salmon sperm DNA was performed to
test for inhibition in each DNA extract {Haugland et al, 2005). A
known amount of salmon sperm DNA was injected into each DNA ex-
tract as well as a positive control. Duplicate PCRs were performed
using a Qiagen QuantiTect Probe PCR kit in a Cepheid Smart Cycler
model SC1000-1. The sample was considered inhibited if the difference
of cycle threshold (C;) between extract and control was greater than
3.3, if inhibited, the DNA extract was diluted tenfold and tested for inhi-
bition again. Once an extract was considered to not be inhibited, it was
retested for the four swine assays; Pig-1-Bac, Pig-2-Bac, Pig-Bac-2, and
P23-2.

To examine the sensitivity and specificity of the four candidate
swine-specific fecal microbial spurce-tracking markers, we tested pig
fecal {n = B), pig wallow water {n = 2), pig waste lagoon (n = 7} as
well as chicken {n = 6), turkey (n = 3}, gnat {n = 2), cow (n = 4},
horse {n = 1} and human {n = 3) fecal samples collected from sites
in NC. Sensitivity of each of the four candidate swine-specific fecal
microbial source-tracking markers was calculated as the proportion of
known-source swine fecal samples that tested positive for each marker.
Specificity was calculated as the proportion of known-source non-

Fecal coliform, E. coli, and Enterococcus concentrations {CFU/100 mil) in surface waters at A and B sites proximal to swine concentrated animal feeding operation spray fields in North

Fecal eoliforms (CFU/100 mL)

E. coli {CFU/100 mL)

Futerococcus {CFU/100 ml)

N Range Geo. mean p-Value? N Range Geo. mean p-Value® N Range Geo. mean p-Value®
76 0.5, 9091 11t 76 0.4, 2090 78 75 1, 8517 89

76 0.5, 140,000 187 .09 76 1. 5400 106 0.22 75 1, 10,400 103 .64

33 10,137,273 331 - 33 10,3167 121 - 33 10, 4267 220 -

Note. Site A = proxirnal upstream sampling location. Site B = proximal downstream sarnpling location. CFUJ = colony forming unit.
* T-test statistic from fixed-effects generalized linear regression model to account for repeated measures at each site,
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swine fecal samples (ie,, chicken, turkey, goat, cow, horse, human) that
tested negative for each marker.

2.5, Statistical analysis

Descriptive statistics were calculated for each of the fecal indicaror
bacteria estimates in surface water, T-test statistics were estimated
using conditional fixed-effects linear regression models to account
for repeated sampling at each site {Allison, 2005). Estimates of the con-
centration of each fecal indicator bacteria were compared to recom-
mendations set by the North Carolina Department of Environment
and Natural Rescurces (DENR) Division of Water Quality (DWQ)
“Redbook” (NCDENR, 2007) and the United States Environmental
Protection Agency (EPA) recreational water quality guideline values
{EPA, 2012). We calculated the proportion of samples that exceeded
state (NCDENR, 2007) and federal {EPA, 2012) recreational fresh
water quality guideline values by tabulating the number of samples
greater than 200 CFU/100 mi, 235 CFU/100 mL, and 70 CFU/100 mL
for fecal coliforms, E. coli, and Enterococdi, respectively. Exact chi-
square tests were calculated to compare the frequency of exceed-
ance of each water guality criterion by CAFO sampling site and by
B versus A site. Odds ratios (OR) and 85% confidence intervals (1)
were estimated using conditional fixed-effects logistic regression
models to account for repeated sampling at each site {Allison,
2005),

To quantitatively comipare concentrations of fecal indicator bacteria
at A and B locations within Sites 1-3, the mean and 85% confidence in-
terval were calculated for each fecal indicator’s pair-wise difference of
Site B minus Site A concentrations by site. A positive mean value indi-
cates that the concentration of fecal indicator bacteria was higher at
the Site B compared to Site A location. A negative mean value indicates
the concentration of a fecal indicator was lower at the B site compared
to the A site at each water sampling location.

The frequency of detection of candidate MST markers was tabulated
across all sites and by site. Exact chi-square tests were calcujated to
compare the frequency of detection of candidate MST markers by site,
Fixed effects linear and logistic regression models were used to estimate
associations between fecal indicator bacteria, presence of swine
markers, and rainfall {Allison, 2005 ), Comulative rainfall during the
24 and 48 hours before sample collection was considered in analyses
with fecal indicator bacteria and MST markers as a continuous {inches)
and a binary (>versus < the mean of cumulative inches of rainfall)
variable,

Because this is not a randomized study, statistical significance
cannot be interpreted as the probability that an observed difference
would occur by chance if there is truly no difference between groups
being compared, However, p-values are presented so that results can
be easily compared with other studies. Fecal indicator bacteria con-
centrations were loge-transformed prior to analysis. All statistical
analyses were performed using SAS version 9.2 (SAS Institute Inc.,
Cary, NC).

3. Resulis

3.1. Fecal indicator bacteria concentrations in surface waters proximal to
swine CAFOs

The highest maximum concentrations of fecal coliforms, £, coli, and
Enterococci observed were 140,000, 5400 and 10,400 CFU/100 mi,
respectively, and were measured at Site B locations (Table 1), In general,
the Site B samples had higher geometric mean and maximum fecal indi-
cator bacteria values compared to Site A samples (Table 1). The highest
concentrations of fecal indicator bacteria were detected in the spring
and summer months {Fig. Za-c).

3.2, Exceedance of recreational water quality guideline vahies proximal to
swine CAFOs

For fecal coliforms, £, coli, and Enterococcus, 74/187 (40%), 43/187
{23%), and 112/185 (81%) of all surface water samples exceeded
the respective recreational water quality guideline values of 200
CFU/100 ml, 235 CFU/100 mL, and 70 CFU/100 mL (Table 2). Across
Sites 1-3, recreational water guality guideline value exceedance
was 1.86 {95% confidence interval (CI) = 0.96, 3.82), 1.73 (95%
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Site B compared to Site A locations {Tabte 2). For each of the fecal in-
dicator bacteria, the greatest frequency of exceedance of recreational
water guality guideline values was observed in the surmnmer, followed
by the spring (data not shown).

3.3. Mean pair-wise differences in fecad indicator concentrations

Across Sites 1-3, the means of the pair-wise differences (Site Bvalue
minus Site A value) for al} three fecal indicator bacteria were positive
{greater than the null value of mean equal to zero) (Table 3). The site-
specific pair-wise differences were all positive except for E coli at Site
3 and Enterococcus at Site 2 (Table 3). These two negative values were
the smallest absolute differences in means observed,

3.4, Swine-specific fecal microbial source tracking markers in surface water
proximal to swine CAFOs

The sensitivity of the three Bactercidales markers Pig-1-Bac, Pig-2-
Bac and Pig-Bac-2 was 80%, 87%, and 93%, respectively. The methanogen
candidate swine-specific marker P23-2 was not detected in any of the
known-source samples (while its internal amplification control was
observed in every reaction). The specificities of Pig-1-Bac, Pig-2-Bag,
and Pig-Bac-2 were 100%, 100%, and 37%, respectively,

The two Bactercidales markers with 100% specificity for swine fecal
pollution, Pig-1-Bac and Pig-2-Bac, were detected in 17% and 14% of
surface water samples, respectively {Table 4), Pig-1-Bac was present
each time Pig-2-Bac was detected and was also detected in six more
samples than Pig-2-Bac, At sites where both A and B samples were col-
tected {Sites 1-3), the difference in detection frequency at B compared
to A sites was pronounced {Table 4), The odds of detecting the swine-
specific fecal Bacteroidales marker Pig-1-Bac at Site B locations was
247 (95% (1 = 1,03, 5.94) times the odds at Site A locations (Table 4),
Site 1 demonstrated the most prominent difference in detection

1.12, 40.8}. The only instance in which the frequency of detection was
higher at Site A than Site B was at Site 2 for Bacteroidales Pig-Bac-2,
But Pig-Bac-2 was not a specific microbial source tracking marker for
swine fecal waste, At Site 2, the two swine specific fecal Bacteroidales
niicrobial source-tracking markers {Pig-1-Bac and Pig-2-Bac) were
never detected at the Site A location. The swine-specific Bacterpidales
markers Pig-1-Bac and Pig-2-Bac were most prominent during the win-
ter (n = 32) months, with a detection frequency of 59% and 53%, respec-
tively {data not shown), Pig-1-Bac and Pig-2-Bac were detected less
frequently (15% and 10%, respectively} during the spring {n = 73)
and were not detected during the summer {n = 62) and fall (n = 17)
{data not shown).

Tabie 2

3.5, Relation of rainfall with fecod indicator bacteria and swine-specific fecal
microbial source tracking markers

in the 48 hours preceding sampling, the maximum cumulative
inches of rainfall was 2.94 inches (Table 52). Mean fecal coliform,
E. coli and Enterococcus levels inareased as antecedent cumulative rain-
fall increased (Fig. 3; Table 53). Fecal coliforms, E. coli, and Enterococcus
concentrations {logy CFU/100 mL) increased 0.28 (95% confidence in-
terval [Cl] = 0.09, 0.49), 0.45 (95% {0 = 0.27, 0.59), and 0.50 (95%
1= 0.31,0.69), respectively, for every one-inch increase in cunuiative
rainfall in the 48 hours before sample collection, adjusting for season
{Table 53).

Across all sites, the swine-specific fecal microbial source tracking
markers Pig-1-Bac and Pig-2-Bac were detected more frequently
when 48 hour antecedent cunmuative rainfall (inches) was greater
than versus less than or equal to the mean (Table 5). The odds of detect-
ing Pig-1-Bac during time periods when 48 hour antecedent cumulative
rainfall was greater than the mean were 2.87 times {95% {0 = 1.21,
5.80) the odds during time periods when 48 hour antecedent cumula-
tive rainfall was less than or equal to the mean {Table 5). Fecal indicator
bacteria concentrations were not observed to be associated with swine-
specific fecal microbial source tracking markers Pig-1-Bac and Pig-2-Bac
{data not shown).

4. Discussion

The results of our study suggest an overall diffuse and poor microbial
quality of surface waters proximal to swine CAFQ liquid waste land ap-
plication sites in NC, the second largest hog-producing state in the US,
Fecal indicator bacteria were detected at concentrations that exceeded
federal and state recreational water guality guideline values, with the
highest concentrations observed immediately downstream of swine
CAFO spray fields and in the spring and summer seasons. While some
mean differences in fecal indicator bacteria were detected at Site A
{proximal upstream) and Site B {proximal downstream) surface water
sampling locations {e.g., higher Site B maximum values; positive mean
pair-wise difference values; higher frequency of exceedance of fecal in-
dicator guideline values at Site B compared to Site & locations), fecal in-
dicator bacterial contamination was observed at both A and B locations.

While the study design allowed a comparison of Site A (upstream)
and Site B {downstream) locations proximal to swine CAFO liguid
waste land applicarion sites, it is important to note that the Site A loca-
tions did not represent pristine non-impacted sites. Because the study
sites in eastern NC were locared among one of the top hog-dense
counties in the US {Feedstuffs, 201 3a,b; USDA 2007), the Site A {proxi-
mal upstream ) locations in our study were potentially influenced by nu-
merous upstreain swine CAFD liquid waste land application sites as well
as poultry CAFO dry litter land application sites. Because fecal indicator
bacteria {fecal coliforms, E, coli, Enterococcus) are non-specific indicators

Frequency of exceedance of recreational water quality guideline values for fecal coliformns, E. coli, and Enterococcus at Aand B sites proximal to swine concentrated animal feeding operation

spray fields in North Carolina.

Fecal cotiforms E. coft

Enterococcus

{200 CFU/100 mL)*

(235 CFU/100 mL)*

{70 CFU/100 mL)®

N excead/total (%} OR{852%.C)

Nexceed/otal (%)

OR (95% CI)° N exceed/total (%) OR (95% C1)°

74/187 (40) - 43/187 (23) - 112/185 (61} -
1-3 24776 (32) Ref 13/76 {17) fef 40/75 (53) Rel
1-3 35776 (46) 1.86 (0.96, 3.62) 20/76 {26) 1.73 (0.79,3.78) 7/75 (63) 149 (0.77, 2.88)
AlL B sites 4-6 15/33 (46) - 16/33 {30) 25/33 (78)

Note, Site A = proxirnal upstrearn sampliog location. Site B = proximal downstream sarnpling location. OR = odds ratio. {1 = confidence interval.
CFU = colony forming unit. Ref = referent category.

* Based on North Carolina Department of Environment and Natwral Resources surface water standards (NCDENE. 2007).

b Based on 2012 USEPA recreational water quality criteria beach action values (BAV} (EPA, 2012).

¢ (dds ratio and 95% confidence interval derived from fixed-effects logistic regression maodel to account for repeated measures at each site.
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Table 3
Mean of pair-wise differences of fecal indic
spray fields in North Carolina.

for bacteria concentrations {CFU/100 ml) in swface waters at B sites rainus A sites proximal to swine concentrated animal feeding operation

Fecal cotiforms E. coli Enterococcus

CFU/100 miL CFU/106 L CFU/100 mal

N? Mean® 95% C1 e Mean® 95% C1 e Mean® 95%Cl
All sites 1-3 75 2266 1180, 5712 75 129 - 49,307 74 89 103, 281
Site 1 13 384 -357,1125 13 504 347, 1355 13 341 — 145,827
Site 2 31 4387 - 3888, 12,660 31 117 83,317 30 —~32 350,286
Site 3 31 934 —228, 2096 31 —19 — 156, 118 31 99 — 177,375

Mote. Site A == proximal upstrearn sampling location. Site B = proximal down.
* Nuraber of pai sarnples.

eam sampling tocation. C1 == confidence interval.

® Mean of the pair-wise differences of concentrations of each fecal indicator bacteria {B sites ninus A sites).

of fecal pollution - reflecting inputs from diverse fecal waste inpurs, in-
cluding hog and poultry CAFOs as well as other diffuse sources - this
could account for the elevated levels of fecal indicator bacteria at Site
A {proximal upstream) compared to Site B (proximal downstream)
locations,

Bacteriodales markers Pig-1-Bac and Pig-2-Bac, which were devel-
oped and validated in other regions of the world, were tested against
known-source swine and other animal fecal samples from NC and
both showed a specificity of 100% to known-source swine fecal wastes,
This supports the findings of Mieszkin et al. {2009} who also observed
specificities of 100% for both markers in France. The lower sensitivity
of Pig-1-Bac {80%) and Pig-2-Bac {87%) than observed in France
{98-100%} may be explained by our inclusion of swine wallow
water as a potential source of swine waste, which was not investigated
in the French study (Mieszkin et al,, 2008). Exclusion of these swine
wallow water samiples {(which tested negative) would have resulted
in a higher sensitivity for Pig-1-Bac {92%) and Pig-2-Bac (100%).

This is the first study to examine whether Pig-1-Bac and Pig-2-Bac
would be appropriate as indicators of swine-specific fecal waste run-
off under field conditions at ambient surface warer locations proximal
to swine CAFC liquid waste land application sites in NC. The presence
of swine-specific Pig-1-Bac and Pig-2-Bac fecal MST markers off-site in
these surface waters indicates that swine CAFQ liquid waste land appli-
cation practices in NC can lead to off-site migration of swine fecal
wastes. Our observation that Pig-1-Bac was 2.47 times as prevalent at
proximal downstream compared to proximal upstream sampling loca-
tions also suggests that fecal wastes from swine CAFQ liguid waste
land application sites can negatively influence proximal downstream
surface water quality.

Buring our study period, the maximum curnulative rainfall 48 hours
antecedent to sampling was 2.94 inches {Table 52}, which is not sugges-
tive of heavy rainfall conditions. The low amount of rainfall during our
study is relevant to the NC regulatory framework because it requires
that animal waste managerent systems “not cause pollution in the wa-
ters of the State, except as may result because of rainfall from a storm
event more severe than the 25-year, 24-hour storm™ (NCGA, 1995),
Neighbors and community groups in NC have observed swine CAFD op-
erators spraying before forecasted rainfall and also during rain events to
avoid an overflow or breach of waste lagoons,

Tabie 4

Rainfall was strongly associated with fecal indicator bacteria concen-
trations in our study - particularly E. coli and Enterococcus - which is
consistent with a loading mechanism of increasing fecal indicator bacte-
ria levels in surface waters during rainfall-induced run-off. Future stud-
ies should employ a sampling strategy to capture the effects of rainfali
through targeted sampling at multiple time points during storm events
to characterize the remporal dynamics of fecal pollution loading during
run-off conditions, Future studies should also target specific swine
liquid waste spraying events — e, sampling at times during and after
swine liguid lagoon wastes are sprayed onto fields,

Rainfall was strongly associated with the frequency of detection of
Pig-1-Bac and Pig-2-Bac MST markers. Pig-1-Bac and Pig-2-Bac were
detected roughly three times as frequently during periods when cumu-
lative antecedent 48 hour rainfalf was greater than versus less than or
equal to mean rainfall. This association between rainfall and swine-
specific MST markers Pig-1-Bac and Pig-2-Bac provides evidence of a
rainfall-induced loading mechanism of swine fecal wastes in surface
waters proximal to and off-site of swine CAFO liquid waste land applica-
tion sites, However, the sample size was too small o draw conclusions
about rainfall-swine MST marker associations at Site B { proximal down-
stream) compared to Site A { proximal upstream) locations.

Concentrations of fecal indicator bacteria and exceedances of
recreational water guality guideline values were not associated
with the presence of swine MST markers (data not shown), Because
fecal indicator bacteria reflect both point and non-point sources of
fecal pollution from warm-blooded animals as well as other non-
fecal sources {e.g.. bacterial re-growth in the environment
{Byappanahalli et al,, 2008)), it is not surprising that these mea-
sures were observed to be poor predictors of MST markers specific
to swine fecal wastes,

Mieszkin et al. (2009} reported that Pig-2-Bac was a more suitable
marker than Pig-1-Bac because it was detected more frequently in
water samples. Our field assessment in NC slightly contradicts these
findings because we detected Pig-1-Bac in six samples in which Pig-2-
Bac was not detected, while Pig-2-Bac was never detected in the
absence of Pig-1-Bac. Our results suggest that it may be advisable to uti-
lize both markers together, as protocels invelving two PCR assays from
the same DNA extract do not involve much additional cost or effort
compared to protocols involving one PCR assay.

Occurrence of two swine-specific fecal Bacteroidales microbial source tracking roarkers in surface water samples at A and B sifes proximal to swine concentrated animal feeding operation

spray fields in North Carolina.

Pig-1-Bac Pig-2-Bac
N pos./total (%) OR(95% 17 N pos./total {%) OR (95% C1)°
317182 (17} 25/182 {14)
3 10/74 (14} Ref §/74(11) Ref
Al B sites 1-3 20/75 (27 247 (103,594 16/75(21) 2.30(0.90,5.88)

AlLB sites 4-6 1/33 (3) -

1/33 (1) -

Note. Site A = proximal upstream sampling location. Site B = proximal downstreamn sampling location. OF = odds ratio. I = confidence interval.
* (dds ratio and 95% confidence interval derived from fixed-effects logistic regression model to account for repeated measures at each site.
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33 environment of mammalian guts. Microbial source tracking markers,
31 l OFeosl coliforms  BE coli @ Enicromecus . on the other hand, typically rely on detection of DNA specific to the
5o i cells of anaerobic bacteria. Both the celis and the DNA degrade more
- quickly in warm weather, likely causing lower frequencies of their de-
- 27 tection in summer months (Schulz and Childers, 2011). Rainfall,
g 35 which was higher during the spring and summer months of our study,
B may also contribute to the observed seasonal pattern of Pig-1-Bac and
E 23 Pig-2-Bac presence,
g 2 The low specificity of Pig-Bac-2 (37%) demonstrates that this marker
1o was not usefuld to distinguish swine from other animal sources of fecal
waste. This marker had a low specificity because it was detected in
1.7

>0-0.05 >0.3-1
Cumulative 48 hour rainfall (inches)

>0.05-0.3

Fig. 3. Mean fecal indicator bacteria concentrations (log10 CFU/A00 ml) by cumulative
amount of rainfall {inches) during the 48 hours prior to sampling at sites proximal to
swine concentrated animal feeding operation spray fields in North Carolina. Frror bars
represent the standard error of mean fecal indicator bacteria concentrations.

it is possible that swine fecal wastes were present in surface water
samples when Pig-1-Bac and Pig-2-Bac were not detected, Sensitivity
below 100% indicates that the MST marker was not detected in all
known-source swine fecal waste samples, Furthermore, the persistence
of these Bacteriodales MST markers {which are based upon anaerchic
bacteria) is not well understood under ambient surface water condi-
tions. A study of the effect of oxygen and temperature on the persistence
of Pig-1-Bac and Pig-2-Bac reported a one-log reduction of the markers
after eight to ten days in microcosms at 20 °C under aerobic conditions
(Marti et al, 2011).

The seasonal variability of Pig-1-Bac and Pig-Z2-Bac in this study was
somewhat surprising considering Mieszkin et al, (2009) reported tem-
poral stability of Pig-1-Bac and Pig-2-Bac over a 48-month period. How-
ever, Mieszkin et al. (2009) likely meant that the markers were stable
from year to year, as they did include enough samples to rest seasonal
differences. Recent research has established that lower temperatures
result in slower Bacteroidales 165 rRNA gene decay (Bell et al, 2009,
Schulz and Childers, 2011). Because Pig-1-Bac and Pig-2-Bac may per-
sist in colder environments and decay more rapidly in warmer environ-
ments, it is possible that they were either absent in the environmental
samples collected in NC during the warmer months, or were present
atlevels below the assay detection threshold, The warmer temperatures
inn NC could explain why these markers were not detected throughout
the year,

This seasonal pattern, where the swine-specific MST markers were
detected more frequently in winter, is in direct contrast to the typical
seasonal pattern observed for fecal indicator bacteria. In this study and
elsewhere {Cha et al,, 2010; Tiefenthaler et al, 2009; Wilson et al,
2007, measures of fecal indicator bacteria in water are typically higher
in warmer (summer) than in colder {winter) months, This marked dif-
ference in seasonal patterns is most likely attributable to the fact that
traditional measures of fecal indicator bacteria are culture-based and
target vegetative bacterial cells accustomed to growing in the warm

Tabie 5

chicken, cow, goat, horse, human, and turkey fecal samples. To our
knowledge no other study has investigated the sensitivity and specific-
ity of Pig-Bac-2 since publication of the assay, which included test sam-
ples from humans, cows and swine {Okabe et al, 2007). Lamendella
et al. {2009) also observed a poor specificity of Pig-Bac-1, the other
swine Bacteroidales marker proposed by Okabe et al, {2007), because
it was detected in cattle, human, chicken, raccoon, and horse fecal
samples. Since we did not detect Methanogen P23-2 in any known
source sample (swine or other animal) or in any surface water samples,
it appears to have lirnited utility for detecting swine waste in surface
water samples in NC.

Several study limitations should be considered. We did not sample
known-source swine fecal wastes from the lagoons of the swine
CAFOs proximal to our selected surface water sampling sites. Future
studies could improve understanding of off-site transport through on-
site sampling of swine CAFQs spray-field run-off and of lagoon waste
in addition to the proximal surface waters. We did not generate quanti-
tative PCR results for Pig-1-Bac and Pig-2-Bac. Although assays were i
on a real-time PCR machine, materials for a standard curve were not
available and cycle threshold values were not recorded, which re-
stricted analysis of these markers to their presence versus absence,
Due to the high density of swine and other animal CAFOs in the
study area we were unable to sample at un-impacted or pristine up-
stream sites, Future studies should artempt to include such un-
impacted sites and also consider use of additional microbial source
tracking markers to evaluate the relative contribution of swine versus
other animal sources {e.g., chicken, turkey, human) of fecal pollution.

5. Conclusions

Evidence of high concentrations of fecal indicator bacteria and the
presence of swine-specific fecal MST markers in surface waters prox-
imal to swine CAFQ liquid waste land application sites is relevant to
evaluating the effectiveness of current technologies and policies for
protecting the sanitary quality of surface waters proximal to swine
CAFQOs. These results could inform management decisions about lig-
uid waste disposal practices, particularly landscapes where swine
density is high and that are susceptible to over-land run-off from
rainfall and flocding (e.g., NC coastal plain) {Wing et al,, 2002}, Use
of swine-specific fecal MST markers Pig-1-Bac and Pig-2-Bac could
help identify surface waters for rargeted restoration, and help inform
rules governing permitting, waste management (including storage,

Relation between occurrence of swine-specific fecal Bacteroidales microbial source tracking markers in surface water samples and cumulative rainfall in the 48 hours before sample col-
lection at sites proximal to swine concentrated animal feeding operation spray fields in North Carolina.

Plg-1-Bac

Pig-2-Bac

N pos./total (%) OR (95% C1)* N pos/total (%) OF (95% (1)*
All sites
16/131 (12) Ref 12/131(9) Ref

15/53 (28)

2.87 (1.21,6.30)

13/53 (25) 3.36 (1.34, 841)

Note, OB =
* Odds rat

ids ratio. Cl = confidence interval.

0 and 95% confidence interval derived from fixed-effects Jogistic regression mode! to account for repeated measures at each site.

b Stratified by time periods > vs = the mean cumulative inches {0.248) of rainfall in the 48 hours before sample collection.
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treatment, and disposal), and swine stocking density. Future studies
should utilize swine-specific Bacteroidales fecal MST markers as they
appear to represent important tools to advance understanding of im-
pacts on water quality in areas with intensive swine production.
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CFU colony forming unit

PCR polymerase chain reaction
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February 20, 2018

Return Receipt Reguested in Reply Refer to:
Certified Mail#: 7006-3450-0003-3868-3417 EPA File No. 11R-14-R4

Martanne Engleman Lado
and Jocelyn I Ambrosio

Earthjustice

48 Wall Street, 19" Floor

New York, New York 10005

Re:  Notification of Aceeptance of Administrative Complaint

Dear Ms. Lado and Ms. DD’ Ambrosio;

This letter is to notify you that the U.5. Environmental Protection Agency (EPA), Office
of Civil Rights (OCR), is accepting your September 3, 2014, administrative complaint, 1 1R-14-
R4, filed against the North Carolina Department of Environment and Natural Resources
(DENR). The complaint generally alleges that DENR violated Title VI of the Civil Rights Act
of 1964, as amended, 42 United States Code 20004 ef seq.. and the EPA’s nondiscrimination
regulations found at 40 Code of Federal Regulations {C.F.R.) Part 7,

Pursuant to the EPA’s nondiscrimination regulations, OCR conducts a preliminary
review of administrative complaints for acceptance, rejection, or referral to the appropriate
agency. See 40 C.F.R. §7.120(d)(1). OCR accepts for investigation complaints that meet the
four jurisdictional requirements described in the EPA’s nondiscrimination regulations. First, the
complaint must be in writing. See 40 C.F.R. §7.120(b)1). Second, the complaint must describe
an alleged discriminatory act that, il true, may violate the EPA’s nondiscrimination regulations
{e.g., an alleged discriminatory act based on race, color, national origin, sex, age, or disability).
Id. Third, the complaint must be filed within 180 calendar days of the alleged act. See 40 C.F.R.
§7.120(b)2). Finally, the complaint must be against an applicant for, or a recipient of, EPA
financial assistance that allegedly committed the discriminatory act. See 40 C.F.R. §7.15.

After careful consideration, the EPA is accepting the following allegation for
investigation:

e North Carolina DENR’s regulation of swine feeding operations discriminates
against African Americans, Latinos, and Native Americans on the basis of race
and national erigin in neighboring counties and violates Title VI and EPA’s
implementing regulations,
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This alegation is accepted for investigation because it meets the EPA’s four jurisdictional
requirements. First, the complaint is in writing. Second, the complaint describes an alleged
discriminatory act that may violate the EPA"s nondiscrimination regulations. Third, the alleged
discriminatory act oecurred within 180 days of the filing of the complaint. And finally, the
complaint was filed against North Carolina DENR, an applicant for, or recipient of, EPA
financial assistance. This acceptance in no way amounts to a decision on the merits, EPA will
begin its process to gather the relevant information, discuss the matter further with the recipients
and determine next steps utilizing its internal procedures,

Your complaint also raises an allegation related to North Carolina DENR’s failure to
enforce its regulatory and/or statutory requirements for swine farms; however, the complaint
does not provide enough information to complete the review needed to determine whether OCR
can investigate the allegation. Therefore, please provide OCR with the date on which the alleged
discriminatory act(s) occurred and describe an alleged discriminatory act that, if true, may
violate the EPA’s nondiscrimination regulations. A date must be provided to determine whether
the allegation meets EPA’s requirement for timeliness. Please provide the requested information
within twenty (20) days of your receipt of this letter, If this information is not provided within
the referenced period, OCR will not accept the allegation for investigation.

If you have any questions about the information that OCR is requesting, please feel free
to contact Helena Wooden-Aguilar, Assistant Director, External Civil Rights Program at (202)
564-0792, by e-mail at wooden-aguilar.helena@epa.gov, or U.S. mail at U.8. EPA, Office of
Civil Rights, (Mail Code 1201A), 1200 Pennsylvania Avenue, N.W., Washington, D.C. 20460~
1000,

The EPA’s nondiscrimination regulations provide that OCR will atterpt to resolve
complaints informally whenever possible, 40 C.F.R. §7.120(d)(2). Accordingly. OCR is willing
to discuss, at any point during the process, offers to informally resolve the complaint, and may,
to the extent appropriate, facilitate an nformal resolution process with the involvement of
affected stakeholders, including alternative dispute resolution (ADR) as described at
hitmd/www.epa.govicivilrights\fag-adrte.htm. 'We will be contacting both you and
representatives of North Caroling DENR in the near future to discuss your potential interest in
pursuing ADR,

If you have any other questions, please do not hesitate to contact us.

Sincerely,

Velveta G
Director

[
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February 20, 2015

Return Receipt Requested In Reply Refer to:
Certified Mail#: 7006-3450-0003-3868-3424 EPA File No.: 11R-14-R4

Donald R. van der Vaart

Secretary

North Carolina Department of Environment and
Natural Resources

1611 Mail Service Center

Raleigh, NC 27699-1611

Re:  Notification of Acceptance of Administrative Complaint

Dear Secretary van der Vaart,

This letter is to notify you that the U.S. Environmental Protection Agency (EPA), Office
of Civil Rights (OCR), is accepting an administrative complaint. 11R-14-R4, filed against the
North Carolina Department of Environment and Natural Resources (DENR) dated September 3,
2014, The complaint generally alleges that DENR violated Title V1 of the Civil Rights Act of
1964, as amended, 42 United States Code 2000d ef seg., and the EPA’s nondiserimination
regulations found at 40 Code of Federal Regulations (C.F.R.) Part 7.

Pursuant to the EPA’s nondiscrimination regulations, OCR conducts a preliminary
review of administrative complaints for acceptance, rejection, or referral to the appropriate
agency, See 40 CF.R. §7.120¢d)(1). OCR accepts for investigation complaints that meet the
four jurisdictional requirements described in the EPA’s nondiscrimination regulations. First, the
complaint must be in writing. See 40 C.F.R. §7.120(b)(1}. Second, the complaint must describe
an alleged discriminatory act that, if true, may violate the EPA’s nondiscrimination regulations
{e.gz. an alleged discriminatory act based on race, color, national origin, sex, age, or disability).
Id. "Third, the complaint must be filed within 180 calendar days of the alleged act. See 40 CF.R,
§7.120(bX}2). Finally, the complaint must be against an applicant for, or a recipient of, FPA
financial assistance that allegedly committed the discriminatory act. See 40 C.F.R. §7.15.

After carcful consideration, the EPA is accepting the following allegation for
investigation:

e North Carolina DENR's regulation of swine feeding operations discriminates
against African Americans, Latinos, and Native Americans on the basis of race
and national origin in neighboring communities and violates Title VI and EPA’s
implementing regulations.
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This allegation is accepted for investigation because it meets the EPA’s four jurisdictional
requirements. First, the complaint is in writing. Second, the complaint describes an alleged
discriminatory act that may violate the EPA s nondiscrimination regulations, Third, the alleged
discriminatory act occurred within 180 days of the filing of the complaint. And tinally, the
complaint was filed against North Carolina DENR, an applicant for, or recipient of, EPA
financial assistance. This acceptance in no way amounts to a decision on the merits. EPA will
begin ifs process to gather the relevant information, discuss the matter further with vou and your
designees and determine next steps utilizing its internal procedures, As a part of OCR’s
established ivestigative process, you will receive a request for information from OCR in the
near future. In the intervening time, please feel free to provide OCR with any information that
you believe will assist EPA in this matier.

OCR would like to notify you that the complaint raises another allegation related to NC
DENR’s fatlure to enforce its regulatory and/or statutory requirements for swine farms.
However, the complaint did not provide enough information for OCR to complete its
jurisdictional review. As a part of OCR’s established jurisdictional review process, OCR has
requested the Complainants provide the necessary information within twenty (20} days of their
receipt of the enclosed letter, If this information is not provided within this period, OCR will not
accept the allegation for investigation.

The EPA’s nondiscrimination regulations provide that OCR will attempt to resolve
complaints informally whenever possible. 40 CF.R. §7.120(d)}(2). Accordingly, OCR is willing
to discuss, at any point during the process, offers to informally resolve the complaint, and may,
to the extent appropriate, facilitate an informal resolution process with the involvement of
affected stakeholders, including alternative dispute resolution (AIR) as described at
hup:/fwww.epa.govicivilvights\fag-adrt6 him. We will be contacting both the Complainants’
representative and your designated representative in the near future to discuss potential interest
in pursuing ADR. Please provide OCR with the name and contact information of your
designated representative at your earliest convenience,

If you have any other questions, please do not hesitate to contact Helena Wooden-
Aguilar, Assistant Director, External Civil Rights Program at (202) 564-0792, by e-mail at
wooden-aguilar. helenai@epa.gov, or U.S. mail at U.S. EPA, Office of Civil Rights, (Mail Code
1201A), 1200 Pennsylvania Avenue, N.W,, Washington, D.C. 20460-1000.

Sincerely,

a (jolightly-Howell
Director
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Return Receipt Reguested In Reply Refer to: i
Certified Mail#: 7009 2920 0002 1759 1384 EPA File No.: 11R-14-R4

Marianne Engleman Lado
and Jocelyn D" Ambrosio

Earthjustice

48 Wall Street, 19" Floor

New York, New York 100605

Re: Clarification
Dear Ms. Lado and Ms. BY Ambrosio:

This letter is to notify you that the 1.8, Environmental Protection Agency (EPA), Office
of Civil Rights (OCR) will not investigate the allegation related to North Carolina Department of
Environment and Natural Resources’ (NC DENR’s) failure to enforce its regulatory and/or
statutory requirements for swine farms. This decision is based on your indication that your
clients not wish to pursue this allegation further. Hence, the OCR will only continue to
investigate the allegation described in my February 20, 2013 letter and repeated below:

e North Carolina DENR’s regulation of swine feeding operations discriminates
against Afvican Americans, Latinos, and Native Americans on the basis of race
and national origin in neighboring communities and violates Title Viand EPA's
implementing regulations.

As indicated in my earlier correspondence, the EPAsnondiscrimination regulations
provide that OCR will attempt 1o resolve complaints informally whenever possible. 40 C.ER.
§7.120(d)2). Accordingly, OCR is willing to discuss, at any point during the process, offers
to informally resolve the complaint, and may, to the extent appropriate, facilitate an informal
resolution process with the involvement of affected stakeholders. Currently, both parties have
expressed interest in exploring Alternative Dispute Resolution (ADR).

If NC DENR and the Complainants agree to engage in ADR, OCR will suspend its
investigation and toll the associated regulatory deadline for the duration of the ADR
process. OCR will resume the investigation if the parties do not reach resolution through
ADR. The EPA’s ADR Law Office will be in touch to discuss this option further, and more
information about the ADR process can be found at http//www.epa.govicivilrights/fag-
adrt6.him.

RooynipdiBaay
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If you have any other questions, please do not hesitate to contact Helena Wooden-
Aguilar, Assistant Director, External Civil Rights Program at (202) 564-0792, by e-mail at
wooden-sguilar. helena@epa.gov or US. mail at US. EPA, Office of Civil Rights, (Mail
Code 1201A), 1200 Pennsylvama Avenue, NNW., Washington, D.C. 20460-1000.

-Howell
Director, Office of Civil Rights
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URITED BTATES ENVIRONMENTAL 9%%“}“?&(3?%}?% AGENEY

WARMINGTORN, DO 3

Return Receipt Requested In Replv Refer to:
Certified Mail#:7008 2820 G002 1759 1377 EPA File No.: H1R-14-R4

Donald R, van der Vaart, Secretary

North Carolina Department of Environment and
Natural Resource

1611 Mail Service Center

Raleigh, North Carolina 27699-1611

Re: Clarification

Dear Mr. van der Vaart:

This letter is to notify vou that the U.8. Environmental Protection Agency (EPA), Office
of Civil Rights (OCR) will not investigate the allegation related to North Carolina Department of
Environment and Natural Resources” (NC DENR’s) failure to enforce its regulatory and/or
statutory requirements for swine farms. This decision is based on the complainants® indication

that they do not wish to pursue this allegation further. Hence, the OCR will only continue to
investigate the allegation described in my February 20, 2015 letter and repeated below:

e North Carolina DENR's regulation of swine feeding operations discriminates
against African Americans, Latinos, and Native Americans on the basis of race
and national origin in neighboring communities and violates Title Vland EPA's
implementing regulations.

As indicated in my earlier correspondence, the EPAsnondiscrimination regulations
provide that OCR will attempt to resolve complaints informally whenever possible, 40 CF.R.
§7.120¢d)2). Accordingly, OCR is willing to discuss, at any point during the process, offers
to informally resolve the complaint, and may, to the extent appropriate, facilitate an informal
resolution process with the involvement of affected stakeholders. Currently, both parties have
expressed interest in exploring Alternative Dispute Resolution (ADR).

H NC DENR and the Complainants agree to engage in ADR, OCR will suspend its
investigation and toll the associated regulatory deadline for the duration of the ADR
process. OCR will resume the investigation if the partics do not reach resolution through
ADR. The EPA’s ADR Law Office will be in touch to discuss this option further, and more
information about the ADR process can be found at hitp://www epa.gov/civilrights/fag-
adité.him.

BunygiedReayoinbly » ¥
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If you have any other questions, please do not hesitate to contact Helena Wooden-
Aguilar, Assistant Director, External Civil Rights Program at (202) 564-0792, by e-mail at
wooden-aguilar helena@epa,goy or U.S. mail at U.8. EPA, Office of Civil Rights, {Mail
Code 1201A), 1200 Pennsylvania Avenue, N.W., Washington, D.C. 20460-1000.

Sincerely,

r;

Hightly-Howell
Director, Office of Civil Rights
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UNITED BTATER ENVIRUNMENTAL PROTECTION AGENDY
WASHINGTON, D0 20480

December 29, 2015

Return Receipt Reguested In Reply Refer to:
Certified Mail#: 7013 0640 0006 0305 7046 EPA File No.: 11R-14-R4

Ms. Marianne Engleman Lado
Ms. Jocelyn D’ Ambrosio
Earthjustice

48 Wall Street, 19" Floor
New York, New York 10005

Re: Alternative Dispute Resolution

Dear Ms. Lado and Ms, I Ambrosio:

As you are aware as of March 6, 2015, Earthjustice on behalf of North Carolina Environmental
Justice Network, Rural Empowerment Association for Community Help (REACH), and the
Waterkeeper Alliance, Inc. and North Carolina Department of Environmental Quality (NC DEQ)
agreed to participate in alternative dispute resolution (ADR) with regard to the referenced
complaint. Effective that date, the U.S. Environmental Protection Agency (EPA), Office of Civil
Rights (OCR) suspended its investigation for the duration of the ADR process,

Pursuant to your request, the OCR is willing to interview Dr. Steve Wing based on vour stated
concerns related to Dr. Wing’s health condition. Constdering the REACH complaint’s ADR
status, the OCR has requested that the mediator address your request for Dr. Wing's interview
with NC DEQ.

OCR will resume its investigation of the subject complaint if the parties do not reach resolution
through ADR. More information about the ADR process can be found at hitp://www.epa.gov/-
civilrights/fag-adri6 htm. If you have any other questions, please do not hesitate to contact
Ericka Farrell in the External Compliance and Complaints Program. Ms. Farrell’s contact
nformation is (202) 564-0717, farrellericka@epa.gov and U.S. EPA, Office of Civil Rights,
{Mail Code 1201 A), 1200 Pennsylvania Avenue, N.W., Washington, D.C. 20460-1000. Thank
you.

“’Simu»lw,

“‘?{fé/ /}mt@v /

elveta Golightly-Howell, Director,
{}iﬁm of Civil Rights

HeoyolsiiBeoenisbdy -
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Ms. Marianne Engleman Lado
Ms. Jocelyn D’ Ambrosio

cC

Elise B. Packard

Associate General Counsel

Civil Rights & Finance Law Office
U.S. EPA

Kenneth LaPierre

Assistant Regional Administrator
Deputy Civil Rights Official
U.S. EPA, Region IV

EPA-HQ-2017-007907

Page 2
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LINITED STATED ERVIRDNMENTAL W@EQ?&Z{Z? N AGENDY
WASHINGTON. DO

December 29, 2015

Return Receipt Requested In Reply Refer to:
Certified Mail#: 7015 0640 0006 0305 7077 EPA File No.: 11R-14-R4

Donald R, van der Vaart, Secretary

North Carolina Department of Environmental Quality
1611 Mail Service Center

Raleigh, North Carolina 27699-1611

Re:  Alternative Dispute Resolution

Dear Secretary van der Vaart:

As you are awarc oh March 6, 2015, when Earthjustice on behalf of North Carolina Environmental
Justice Network, Rural Empowerment Association for Community Help (REACH), and the
Waterkeeper Alliance, Inc. and North Carolina Department of Environmental Quality (NC DEQ)
agreed to engage in Alternative Dispute Resolution (ADR).  As a result, the U.S. Envirenmental
Protection Agency (EPA), Office of Civil Rights (OCR) suspended its investigation of the subject
complaint for the duration of the ADR process. OCR will resume its investigation if the parties do
not reach resolution through ADR. More information about the ADR process can be found at
hitp//www.epa.govicivilrights/fag-adrt6. hitm.

If you have any questions, please do not hesitate to contact Ericka Farrell at {2{3”’} 564-0717, by e-
mail at farrell.erickat@@epa.gov or via U8, mail at U.S. EPA, Office of Civil Rights, (Mail Code
1201A), 1200 Pennsylvania Avenue, N‘W‘, Washington, D.C. 20460-1000. Thank you.

Velveta Golightly-Howell, Directdr
Office of Ctvil Rights

ce: Elise B. Packard
Associate General Counsel, Civil Rights & Finance Law Office, US. EPA

Kenneth LaPierre,
Assistant Regional Administrator, Deputy Civil Rights Official, U.S. EPA, Region IV

John Evans
Deputy Secretary, N.C. Department of Environmental Quality

ReoyosdRavyntabis » ¥
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URITED STATES ENVIRONMENTAL PROTECTION AGENCY
WWASHIRGTON, DG 20480

May 5, 2016
Return Receipt Requested In Reply Refer to:
Certified Mail#: 7015 1520 0002 0019 2434 EPA File No.: T1R~14-R4

Marianne Engleman Lado
and Jocelyn I’ Ambrosio

Earthjustice

48 Wall Street, 19" Floor

New York, New York 10005

Re: Reinitiation of lnvestization

Drear Ms. Lado and Ms. I’ Ambrosio:

On March 7, 2016, vou informed the Office of Civil Rights (OCR) that the Alternative Dispute
Resolution mediation process between the North Carolina Department of Environmental Quality
(NC DEQ), formerly the North Carolina Department of Environment and Natural Resources (NC
DENR), and the Complainants in the above referenced complaint {the North Carolina
Environmental Justice Network, Rural Empowerment Association for Community Help
(“REACH™), and Waterkecper Alliance, Inc.) has concluded without resolution. Therefore,
consistent with OCR procedures, OCR has remnitiated its investigation into:

Whether the North Carolina DENR s regulation of swine feeding operations
discriminates against African Americans, Latinos, and Native Americans on the basis of
race and national origin in neighboring communities and violates Title V1 of the Civil
Rights Act of 1964 and the Environmental Protection Agency's (EPA) iaplementing
regulations.

Please note that OCR has acknowledged receipt of your email and an interview with Dr. Wing
has been scheduled for May 13, 2016, at 10:00 a.m. OCR has also scheduled an interview with
Dr. Jill Johnston on May 11, 2016, at 3:00 p.m.

Also, we would like to remind you that no applicant, recipient or other may intimidate, threaten,
coerce, or engage in other discriminatory conduct against anyone because he or she has either
taken action or participated in an action to secure rights protected by the non-discrimination
statutes OCR enforces. 40 C.F.R. § 7.100. Any individual alleging such harassment or
intimidation may file a complaint with OCR. OCR would investigate such a complaint if the
situation warranted.

RpoynisaiBecysiably - ¥
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Marianne Engleman Lado
and Jocelyn I’ Ambrosio Page 2

If you have any questions, please feel free to contact Ericka Farrell, Case Manager, at (202} 564-
0717, or by e-mail at farrell.ericka@epa.gov, or U.S. mail at U.S. EPA, Office of Civil Rights
{Mail Code 1201A), 1200 Pennsylvania Avenue, N.W., Washington, D.C., 20460-1000, or me at
(202) 564-9649, or by e-mail at dorka.lilian@epa.gov.

Sincerely,

,

Lilian S. Dorka
Deputy Director
Office of Civil Rights

ce: Elise Packard
Associate General Counsel
Civil Rights & Finance Law Office

Ken Lapierre

Assistant Regional Administrator
Deputy Civil Rights Official, Region 4
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UINITED BTATES ENVIEONMENTAL PROTECTION AGENCY

YWARMINGTON, .0 20480

May 5, 2016
Return Receipt Requested In Reply Refer To:
Certified Mail #: 7015 1520 0002 0019 2441 EPA File No. 11R-14-R4

Deonald R. van der Vaart

Secretary

North Caroling Department of Environmental Quality
1611 Mail Service Center

Raleigh, North Caroling 27699-1611

RE: REINITIATION OF INVESTIGATION
Dear Secretary van der Vaart,

On March 7, 2016, the Otfice of Civil Rights (OCR) was informed that the Ahernative Dispute
Resclution mediation process between the North Carolina Department of Environmental Quality
(NC DEQ), formerly the North Carolina Department of Environment and Natural Resources (NC
DENR), and the Complainants in the above referenced complaint {the North Carolina
Environmental Justice Network, Rural Empowerment Association for Community Help
(“REACH™), and Waterkeeper Alliance, Inc.) has concluded without resolution. Therefore,
consistent with OCR procedures, OCR has reinitiated its investigation into:

Whether the North Carolina DENR s regulation of swine feeding operations discriminates
against African Americans, Latinos, and Native Americans on the basis of race and
national origin in neighboring communities and violates Title VI of the Civil Rights Act
of 1964 and the Environmental Protection Agency’s (EPA) implementing regulations.

The decision to reinitiate this investigation is consistent with OCR’s procedures to resume the
investigation when ADR has concluded, and in no way amounts to a decision en the merits.
EPA will continue gathering the relevant information, discuss the matter further with vou and
vour designees and determine next steps utilizing its internal procedures. As a part of OCR's
established investigative process, you will receive a request for information from QCR in the
near future.

Also, we would like to remind you that ne applicant, recipient or other may intimidate, threaten,
coerce, or engage in other discriminatory conduct against anyone because he or she has either
taken action or participated in an action to secure rights protected by the non-discrimination
statutes OCR enforces. 40 C.F.R. § 7.100. Any individual alleging such harassment or

BeoyslpdMerpoishia « Prnke
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Donaid R. van der Vaart Page 2

intimidation may file a complaint with OCR. OCR would investigate such a complaint if the
situation warranted.

If you have any questions, please feel free to contact Ericka Farrell, Case Manager, at (202) 564-
0717, or by e-mail at farrell.ericka@epa.gov, or U.S. mail at U.S. EPA, Office of Civil Rights
(Mail Code 1201A), 1200 Pennsylvania Avenue, N.W., Washington, D.C., 20460-1000, or me at
{202) 564-9649, or by e~-mail at dorka.Jilian@epa.gov. Thank you in advance for your

cooperation.
Sincerely,
Lilian S. Dorka
Deputy Director
Office of Civil Rights
cc: Elise Packard

Associate General Counsel
Civil Rights & Finance Law Office

Ken Lapierre

Assistant Regional Administrator
Deputy Civil Rights Official, Region IV
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URITED STATES ERVIRONMENTAL PROTECTION AGENDY

WARHINGTON, O 20460

July 12, 2016

Return Receipt Reguested In Reply Refer to:
Certified Mail#: 7015 0640 0006 0305 7152 EPA File No.: 37R-16-R4

Ms. Marlanne Engleman Lado
Earthjustice

48 Wall Street, 19" Floor
New York, New York 10005

Rer Acknowledgment of Receipt of Administrative Correspondence
Dear Ms. Engleman Lado:

This letter is to notify you that the U.S. Environmental Protection Agency (EPA), Office of Civil
Rights (OCR), received your email correspondence on Monday, July 11, 2016, alleging that the
North Carolina Department of Environment Quality (NCDEQ) violated Title VI of the Civil
Rights Act of 1964, as amended, and EPA’s nondiscrimination regulations found at 40 C.F.R
Part 7.

The OCR is responsible for processing and resolving complaints alleging discrimination by
programs or activities that receive financial assistance from the EPA, OCR will review your
correspondence in light of EPA’s nondiscrimination regulation to determine whether itis a
complaint that falls within OCR’s jurisdiction. Ounce this jurisdictional review is completed, the
OCR will notify you as to whether it will accept vour complaint for investigation or reject, or
refer the complaint to another Federal agency.

If vou have any questions, please feel free to contact Case Manager Ericka Farrell, at (202) 564-
0717, or by e-mail at {arrell.erickafepa.gov. or U.S. mail at U.S. EPA, Office of Civil Rights
(Mail Code 1201 A), 1200 Pennsylvania Avenue, N.W., Washington, D.C., 20460-1000, or me at
{202} 564-9649, or by c-mail at dorka liliani@epa.gov.

Sincerely,

Lilian 8. Dorka
Acting Director
Office of Civil Rights
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Ms. Marianne Engleman Lado

CcCl

Elise Packard
Associate General Counsel
Civil Rights & Finance Law Office

Ken Lapierre

Assistant Regional Administrator
Deputy Civil Rights Official

U.S. EPA Region IV

EPA-HQ-2017-007907
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VINITED BTATES ENVIRONMENTAL PROTECTHIN AGENGY

e

WASHINGTON, .0 20480

July 12, 2016

Return Receipt Reguested in Reply Befer to:
Certified Mail#: 7013 3430 0001 1742 9724 EPA File No.: 37R-16-R4

Donald R. van der Vaart

Secretary

North Caroling Department of Environmental Quality
1611 Mail Service Center

Raleigh, North Carolina 27699-1611

Re: Acknowledgment of Receipt of Administrative Correspondence
Dear My, van der Vaart:

This letter is 1o notify you that the U.S. Environmental Protection Agency (EPA), Office of Civil
Rights (QCR), received correspondence on Monday, July 11, 2016, alleging that the North
Carolina Department of Environment Quality (NCDEQ) violated Title VI of the Civil Rights Act
of 1964, as amended, and EPA’s nondiscrimination regulations found at 40 C.F.R Part 7.

The OCR 1is responsible for processing and resolving complaints alleging discrimination by
programs or activities that receive financial assistance from the EPA. OCR will review the
correspondence in light of EPA’s nendiscrimination regulation to determine whether itis a
complaint that falls within OCR’s jurisdiction. Once this jurisdictional review is completed, the
OCR will notify you as to whether it will accept this complaint for investigation or reject, or
refer the complaint to another Federal agency.

If vou have any questions, please feel free to contact Case Manager Lricka Farrell, at (202) 564-
0717, or by e-mail at farrellericka@epa.gov, or U.S. mail at U.S. EPA, Office of Civil Rights
(Mail Code 1201A), 1200 Pennsylvania Avenue, N.W., Washington, D.C., 20460-1000, or me at
(202) 564-9649, or by e-mail at dorka.lilian@epa.gov.

Sincerely,

o

Lilian 5. Dorka
Acting Director
Office of Civil Rights
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Donald R. van der Vaart

cal

Elise Packard
Associate General Counsel
Civil Rights & Finance Law Office

Ken Lapierre

Assistant Regional Administrator
Deputy Civil Rights Official

U.S. EPA Region IV

EPA-HQ-2017-007907

Page 2
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URITED BTATES ENVIRONMENTAL PRO §”§:‘ THIN AGENDY
LS B R

W AR

August 2, 2016

Reture Receipt Reguested In Replv Refer To;
Certified Mail #: 7013 1520 0002 0019 2084 EPA File No., 1IR-14-RE4

Marianne Engleman Lado
Earthjustice

48 Wall Street. 19" Floor
New York, NY 10005

Re: Acceptance of Administrative O

Dear Ms. Engleman Lado:

This letter is to notify you that the Environmental Protection Agency (EPA), Office of Civil
Rights (OCR} is accepting for investigation your claim that the North Carolina Department of
Environmental Quality (NCDEQ) retaliated, intimidated or harassed individuals or groups,
including the Complainants (the North Carolina Eavironmental Justice Network, Rural
Empowerment Association for Community Help, and Waterkeeper Alliance, Inc.), through its
conduct, including its actions and inactions associated with the North Carolina Pork Council and
National Pork Producers Council ("Pork Councils™) and the January 2016 mediation session,
The investigation of this claim will be conducted under EPA File No. 11R-14-R4. The case
number that had been assigned to this new complaint, EPA File No. 37R-16-R4, has been closed.

Pursuant to the EPA’s nondiscrimination regulations, OCR conducts a preliminary review of
administrative complaints for acceptance, rejection, or referral to the appropriate agency. See 40
Code of Federal Regulations (C.F.R.} § 7.120(d)(1). Generally, OCR accepts for investigation
complaints that meet the four jurisdictional requirements described in the EPA’s
nondiscrimination regulations. First, the complaint must be in writing. See 40 C.F.R.

§ 7.120(b)(1). Second, the complaint must describe an alleged discriminatory act that, if true,
may viclate the EPA’s nondiscrimination regulations (e.g., an alleged discriminatory act based
on race, color, national origin, sex, age, or disability). See 40 C.F.R, § 7.120(b)(1). Third, the
complaint must be filed within 180 calendar days of the alleged act. ‘%w 40 C.F.R. § 7.120{(b3(2).
Finally, the complaint must be filed against an applicant for, or a recipient of, EPA financial
assistance that allegedly committed the discriminatory act. See 40 C.F.R. § 7.15,

As of the date of this letter, OCR has determined that the subject complaint meets the four
jurisdictional requirements as stated above. First, the complaint is in writing. Sccond, the
complaint describes an alleged discriminatory act that may violate the EPA’s nondiscrimination
regulations. Third, the alleged discriminatory act occurred within 180 days of the filing of the
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complaint. And finally, the complaint was filed against NCDEQ, which is an applicant for, or
recipient of EPA financial assistance.

After careful consideration, OCR will investigate the following:

Whether NCDEQ’s actions or inactions, including those associated with the presence and
activities of the Pork Councils related to the January 2016 mediation session, violated 40
C.F.R. § 7.100 which prohibits intimidating, threatening, coercing, or engaging in other
discriminatory conduct against any individual or group because of actions taken and/or
participation in an action to secure rights protected by the non-discrimination statutes OCR
enforces.

The initiation of an investigation of the issue above is not a decision on the merits. OCR isa
neutral fact finder and will begin its process to gather the relevant information, discuss the matter
further with you and the recipient, as appropriate, and determine next steps utilizing our internal
procedures. In the intervening time, OCR will provide the Recipients with an opportunity to
make a written submission responding to, rebutting, or denying the issues that have been
accepted for investigation within thirty (30) calendar days of receiving their copy of the letter.
See 40 C.F.R. § 7.120(d)(1)(ii-iii).

The EPA’s nondiscrimination regulation provides that OCR will attempt to resolve complaints
informally whenever possible. See 40 C.F.R § 7.120(d)}(2). Accordingly, OCR is willing to
discuss, at any point during the process, offers to informally resolve the subject complaint and
may contact representatives of the NCDEQ to discuss the Recipient’s interest in entering into
informal resolution discussions. We intvite you to review OCR’s Interim Case Resolution
Manual for a more detailed explanation of the complaint resolution process at
hitp//www.epa.sov/sites/sroduction/files/201 51 2/documents/oer erm final.pdf

Finally, as you know, no applicant, recipient nor other person may intimidate, threaten, coerce,
or engage in other discriminatory conduct against anyone because he or she has either taken
action or participated in an action to secure rights protected by the non-discrimination statutes
OCR enforces. See 40 C.I.R. § 7.100. Any individual alleging such harassment or intimidation
may file a complaint with OCR. OCR would investigate such a complaint if the situation
warranted.

If you have any questions about this letter, please feel {ree to contact me at (202) 564-9649, or
Case Manager Ericka Farrell at (202) 564-0717. You can also contact us by e-mail at

dorka lilian@iepa.gov or farrellericka/a@epa.gov, or by U.S. mail at U.S. EPA Office of Civil
Rights (Mail Code 1201), 1200 Pennsylvania Avenue, N.W., Washington, D.C. 20460-1000.

Sincerely,

Lilian S. Dorka
Acting Director
Office of Civil Rights
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cC

Elise Packard
Associate General Counsel
EPA Civil Rights & Finance Law Office

Ken Lapierre

Assistant Regional Administrator
Deputy Civil Rights Official

U.S. EPA Region IV

EPA-HQ-2017-007907
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHING TN

LG 20460

August 2, 2016

Return Heceint Reguested entv Ref :
Certified Mail #: 7015 1520 0002 0019 2939 LPA I}%z,, No. 1IR-14-R4

Donald R. van der Vaart

Secretary

North Carolina Department of Environmental Quality
1611 Mail Service Center

Raleigh, NC 27699-1611

Dear Mr. van der Vaart:

This letter is 1o notify you that the Environmental Protection Agency (EPA), Office of Civil
Rights {OCR) is accepting for investigation a claim that the North Carolina Department of
Environmental Quality (NCDEQ) retaliated, intimidated or harassed individuals or groups,
including the Complatnants {the North Carolina Environmental Justice Network, Rural
Empowerment Association for Community Help. and Waterkeeper Alliance, Inc.), through its
conduct, including its actions and inactions associated with the Neorth Carolina Pork Council and
National Pork Producers Council ("Pork Councils™) and the January 2016 mediation session.
The investigation of this claim will be conducted under EPA File No. 11R-14-R4. The case
number that had been assigned {o this new complaint, EPA File No., 37R-16-R4, has been closed.

Pursuant to the EPA’s nondiscrimination regulations, OCR conducts a preliminary review of
administrative complaints for acceptance, rejection, or referral to the appropriate agency.

See 40 Code of Federal Regulations {C.F.R.Y § 7.120(d)1}. Generally, OCR accepts for
investigation complaints that meet the four jurisdictional requirements described in the EPAs
nondiscrimination regulations. First, the complaint must be in writing. See 40 CFR. §
7.120{b)1). Second, the complaint must describe an alleged discriminatory act that, if true, may
violate the EPA’s nondiscrimination regulations (e g., an alleged discriminatory act based on
race, color, national origin, sex, age, or disability}. See 40 C.F.R. § 7.120(b)1}. Third, the
complaint must be filed within 180 calendar days of the alleged act. See 40 C.F.R. § 7.120(b)2).
Finally, the complaint must be filed against an applicant for, or a recipient of, EPA financial
assistance that allegedly committed the discriminatory act. See 40 C.FR. § 7.15.

As of the date of this letter, OCR has determined that the subject complaint meets the four
jurisdictional requirements as stated above. First, the complaint is in writing. Second, the
complaint describes an alleged discriminatory act that may violate the EPA’s nondiscrimination
regulations. Third, the alleged discriminatory act occurred within 180 days of the {iling of the
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complaint. And finally, the complaint was filed against NCDEQ, which is an applicant for, or
recipient of EPA financial assistance.

After careful consideration, OCR will investigate the following:

Whether NCDEQ’s actions or inactions, including those associated with the presence and
activities of the Pork Councils related to the January 2016 mediation session, viclated 40
C.F.R. § 7.100 which prohibits intimidating, threatening, coercing, or engaging in other
discriminatory conduct against any individual or group because of actions taken and/or
participation in an action to secure rights protected by the non-discrimination statutes OCR
enforces.

The initiation of an investigation of the issue above is not a decision on the merits. OCR isa
neutrai fact finder and will begin its process to gather the relevant information, discuss the matter
further with you and the complainants, as appropriate, and determine next steps utilizing our
internal procedures. In the intervening time, OCR will provide you with an opportunity to make
a written submission responding to, rebutting, or denying the issues that have been accepted for
investigation within thirty (30) calendar days of receiving a copy of this letter, See 40 C.F.R.

§ 7.120(d)(1)(ii-iii).

The EPA’s nondiscrimination regulation provides that OCR will attempt to resolve complaints
informally whenever possible. See 40 C.F.R § 7.120(d)(2). Accordingly, OCR is willing to
discuss, at any point during the process, offers to informally resolve the subject complaint and
may contact your representatives to discuss the Recipient’s interest in entering into informal
resolution discussions. We invite you to review OCR’s Interim Case Resolution Manual for a
more detailed explanation of the complaint resolution process at
hitpi/fwww.epa.gov/sites/production/files/2015-1 2/documents/oer_crm_final.pdf

Finally, we would like to remind you that no applicant, recipient nor other person may
intimidate, threaten, coerce, or engage in other discriminatory conduct against anyone because he
or she has either taken action or participated in an action to secure rights protected by the non-
discrimination statutes OCR enforces, See 40 C.F.R. § 7.100. Any individual alleging such
harassment or intimidation may {ile a complaint with OCR. OCR would investigate such a
complaint if the situation warranted.

If you have any questions about this letter, please feel free to contact me at (202) 564-9649, or
Case Manager Ericka Farrell at (202) 564-0717. You can also contact us by e-mail at

dorka fifianiepa.gov or farrell.erickaiiepa.gov, or by U.S. mail at U.S. EPA Office of Civil
Rights (Mail Code 1201}, 1200 Pennsylvania Avenue, N.W., Washington, D.C. 20460-1000.

Sincerely,

% ’ e~

Lilian S. Dorka
Acting Director
Office of Civil Rights
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Mr. Donald R. van der Vaart

cC

Elise Packard
Associate General Counsel
EPA Civil Rights & Finance Law Office

Ken Lapierre

Assistant Regional Administrator
Deputy Civil Rights Official
U.S. EPA Region 1V

EPA-HQ-2017-007907
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ALASKA  CALIFORNIA FLORIDA MID-PACIFIC NORTHEAST NORTHERN ROCKIES

NORTHWEST ROCKY MOUNTAIN WASHINGTON, D.C. INTERNATIONAL

January 11, 2016

By Email & First-Class Mail

Velveta Golightly-Howell

Director, EPA Office of Civil Rights
Mail Code 1210A

1200 Pennsylvania Ave., NW
Washington, DC 20460

Email: golightlv-howell velveta@epa.gov

Re: EPA Complaint No. 11R-14-R4
Dear Ms. Golightly-Howell:

We write on behalf of Complainants North Carolina Environmental Justice Network
(NCEJN), Rural Empowerment Association for Community Help (REACH), and Waterkeeper
Alliance, Inc., in response to a letter submitted by the National Pork Producers Council and
North Carolina Pork Council (the “Pork Councils”) on January 7, 2016 in support of their effort
to “intervene” in proceedings related to Administrative Complaint 11R-14-R4.

The Pork Councils’ attempt to coopt “basic precepts of environmental justice” to justify
their effort to inject themselves into the process for investigating and resolving the civil rights
complaint is riddled with irony. See Pork Councils Letter at 1. The Principles of Environmental
Justice were developed by a growing grassroots movement “to fight the destruction and taking of
our lands and communities” and secure freedom for those who have been oppressed and
colonized. See First National People of Color Environmental Leadership Summit, The Principles
of Environmental Justice (1991), available at http://www ejnet.org/ej/principles.pdf, see
generally Unequal Protection: Environmental Justice and Communities of Color (Robert D.
Bullard, ed.) (1993). It is beyond a stretch to argue that these precepts require that EPA grant
industry novel “intevenor” status or that industry must be allowed to participate in mediation of a
race discrimination complaint against the state agency charged with protecting the environment
and public health.

Moreover, the Pork Councils’ misplaced reliance on various authorities pertaining to
hearings ignores the current status of this investigation and ADR process. We are not currently
before an Administrative Law Judge or in a judicial proceeding where an evidentiary record is
circumscribed and limited by rules of evidence. Regulations promulgated by various federal
agencies regarding the conduct of hearings are simply inapposite. The Pork Councils are
currently free to submit information to complainants, the recipient and to EPA, but they have no
“party” status in the investigation or in ADR. Their self-styled “motion to intervene” is improper
and unprecedented and should be rejected.

TH

NORTHEAST 48 WALL STREET, 19 FLOOR NEW YORK, NY 10005

T:212.845.7376 F: 212.918.1556 NEOFFICE@EARTHIJUSTICE.ORG WWW.EARTHJUSTICE.ORG
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Finally, it’s worth noting that time and again, members of communities living in
proximity to confined animal feeding operations (CAFOs) have struggled to gain access to
information. The Pork Councils have not stood up for transparency during those efforts.
Recently, for example, the Pork Councils failed to support community opposition to House Bill
405, a bill that penalizes whistle-blower activities on CAFOs, Property Protection Act, HR. 405,
Gen. Assemb., Sess. 2015 (N.C. 2015) (enacted), or Compact/Balanced Budget, HR. 366, Sess.
2015 (N.C. 2015), which prohibited disclosure of records related to the investigation of
complaints concerning agricultural operations. N.C.G.S. § 143-215.9D (2014).

Please feel free to reach either of us to discuss this matter.

Sincerely,

Marianne Engelman Lado
Earthjustice

Elizabeth Haddix
UNC Center on Civil Rights

CC:

Naeema Muhammed, NCEJN

Devon Hall, REACH

Gray Jernigan, Larry Baldwin, Waterkeeper Alliance, Inc.

Sam Hayes, General Counsel, NC DEQ

Michael Lewis, Mediator

Jeryl Covington, EPA

Gerald Yamada, Thomas R. Brugato, Covington & Burling LLP

Benne C. Hutson, Eugene E. Matthews, III, Christopher E. Trible, McGuire Woods LLP
Michael Formica, NPPC
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THE UNIVERSITY
of NORTH CAROLINA
i CHAPEL HMILL SUHGOL P PUBLIC HEALTH

DEPARTMENT OF EPMIDEMIOLOGY T 9199662080
MOGAYRANCGREENBERG HALL

CAMPUS BOX 7433

CHAPEL HILL. NC 37390-7438

December 6, 2013
Via Email

Christine Lawson

NC Division of Water Resources
Animal Feeding Operations Unit
1636 Mail Service Center

Raleigh, North Carolina 27699-1636
christine lawsom{@ncdenr. poy

Re: General Permit AWG100000
Dear Ms. Lawson:

North Carolina’s general permits for animal waste management systems at industrial swine operations fail
to protect public health and the environment. As noted below, there is a large body of evidence
documenting the negative health impacts of industrial swine operations, also known as concentrated
animal feeding operations (CAFOs).' These negative consequences result from the use of lagoons and
spray fields to manage animal waste, non-therapeutic use of antibiotics in swine production, the location
of confinements and animal waste in flood plains, and the disproportionate burden of CAFO pollutants on
communities that are particularly susceptible due to presence of other environmental exposures and
inadequate access to medical services. North Carolina communities rely on the Department of
Environment and Natural Resources to protect their air, water, and health, and this protection should
apply equally regardless of race and wealth. NC DENR currently fails to meet this responsibility and will
continue to fail unless future permits are altered to reduce off-site pollution and increase transparency
about animal production activities, and regulations are strictly enforced.

I. Negative Health Impacts of Swine CAFOs

Swine CAFOs with liquid waste management systems release numerous air pollutants including
particulate matter, endotoxin {a respiratory irritant and allergen that comes from bacteria), ammonia,
hydrogen sulfide (a toxic gas that comes from decomposing feces), and other malodorous chemicals. The
air pollutants come from barns that house hundreds or thousands of pigs, from open fecal waste pits, and
from fields where the waste is spread. Several decades’ worth of research shows that, due to exposures
inside these facilities, CAFO workers suffer a range of health problems.” More recent research indicates
that neighbors of swine CAFOs experience numerous symptoms similar to those seen among workers,

! Rather than the strict federal definition we use the term “CAFO” to refer to large livestock operations that house animals in
confinement,

ip. Cole, L. Todd, and S. Wing, "Concentrated Swine Feeding Operations and Public Health: A Review of Occupational and
Community Health Effects," Environ Health Perspect 108, no. 8 (2000).
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including irritation of the eyes, nose and throat, respiratory symptoms, reduced lung function, and asthma-
related symptoms. Swine CAFO neighbors also suffer from negative mood states and reduced quality of
life. We summarize this research here, emphasizing studies conducted in North Carolina.

In 2000, researchers published a study showing that neighbors of an eastern North Carolina swine CAFO
reported more episodes of headache, runny nose, sore throat, coughing, diarrhea, and burning eyes than
residents of comparison areas with a dairy and no CAFO. Swine CAFO neighbors also reported more
frequent episodes when they could not open their windows or go outside their homes compared to
residents of the comparison areas.”

In 2006, researchers published a study showing that students at North Carolina public middle schools
located within three miles of swine CAFOs had more asthma-related symptoms, more doctor-diagnosed
asthma, and more asthma-related medical visits than students who attended schools further from swine
CAFOs. Children attending middle schools where school staff reported that livestock odor was present
mside the school twice or more per month had a 23% higher prevalence of wheezing symptoms compared
to children who attended schools where no livestock odor was reported.® Particles and gases released
from swine CAFO liquid waste storage and land application can produce these impacts, which have also
been observed in other states.

More recently, investigators set up monitors to measure levels of air pollutants (airborne particles,
endotoxin and hydrogen sulfide) outside the homes of eastern North Carolina residents who lived within
1.5 miles of one or more swineg CAFOs. While the pollutants were being measured, community members
reported twice daily about their mood and symptoms of illness. They also measured their lung function
and blood pressure, and they reported the strength of the swine odor that they smelled inside and outside
of their homes.

The study demonstrated that concentrations of CAFO pollutants recorded by the air monitors were
correlated with neighbors’ reports of swine odor.® This finding clearly shows that swine CAFO pollutants
travel into neighboring communities where they are inhaled by residents. When swine odor was stronger,
participants more often reported that their daily life activities were inferrupted and that they felt stressed,
gloomy, angry, and unable to concentrate. Higher levels of hydrogen sulfide and semi-volatile particles
were associated with reports of feeling stressed or annoyed and nervous or anxious.® Swine CAFO
neighbors report that they have lost some of the most treasured parts of their rural way of life, that family
and community gatherings are no longer possible, that they can no longer use their private wells as a
source for drinking water, and that their properties have depreciated in value.”

’s. Wing and 5. Wolf, "Intensive Livestock Operations, Health, and Quality of Life among Eastern North Carolina Residents,"
Environ Health Perspect 108, no. 3 (2000).

M. C. Mirabelli et al., "Asthma Symptoms among Adolescents Who Attend Public Schools That Are Located near Confined
Swine Feeding Operations,” Pediatrics 118, no. 1 (2006).

3. Wing et al,, "Air Pollution and Odor in Communities near Industrial Swine Operations," Environ Health Perspect 116, no.
10 (2008).

$R. A. Horton et al., "Malodor as a Trigger of Stress and Negative Mood in Neighbors of Industrial Hog Operations," 4m J

Public Health 99 Suppl 3(2009).
7 M. Tajik et al., "Impact of Odor from Industrial Hog Operations on Daily Living Activities," New Solut 18, no. 2 (2008).
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In the same study, higher levels of hydrogen sulfide were associated with reports of irritation of the eyes
and nose, and with runny nose and difficulty breathing. Particle pollution was associated with reports of
poor appetite, burning eyes, nasal irritation, wheezing, difficulty breathing, and decreases in lung
function. Higher levels of endotoxin were associated with nausea, chest tightness, and sore throat.®

Swine CAFO odors and hydrogen sulfide concentrations in these communities were also associated with
neighbors’ blood pressure levels.” Elevated blood pressure is a well-recognized cause of stroke and heart
disease, and the area of eastern North Carolina with the highest density of swine CAFOs is part of a
region known as the “stroke belt.” Residents of this region, who already suffer excess hypertension-
related disease, should not be exposed to pollutants from swine CAFOs that further raise their blood
pressures. Additionally, treatment of high blood pressure is a financial burden to patients as well as to
private and public insurance systems.

Results from these studies represent average responses among study participants. Some people are more
sensitive to environmental exposures than others. Overall, however, the studies provide solid evidence,
consistent with findings from worker studies and studies in other regions, that air pollutants from swine
CAFOs negatively impact health and quality of life.

In addition to studies of swine CAFO air pollution conducted in our state, a growing body of evidence
from other states and countries shows that swine, pouliry, and cattle CAFOs contaminate air and water
and negatively impact the health and quality of life in neighboring communities.'® Furthermore, hundreds
of CAFOs in eastern North Carolma are located in areas subject to flooding that can transport liquid
wastes into local communities,'' and runoff can convey fecal pollution and associated pathogens to
surface and ground water supplies and soils.'? It is just a matter of time before another flood causes
massive loss of liquid waste from the thousands of fecal waste lagoons that are in our state’s flood plains.

Another concern is the widespread use of antibiotics in CAFOs. Research shows that the use of antibiotics
in CAFOs has contributed to the emergence of antibiotic resistant bacteria that can cause dangerous,
difficult-to-treat human mfectlons 3 Airborne bacteria, including antibiotic resistant strains, have been
connected to CAFO air emissions,'* and antibiotic resistant bacteria are associated with animal vectors

¥ L. Schinasi et al., "Air Pollution, Lung Function, and Physical Symptoms in Communities near Concentrated Swine Feeding
Operations," Epidemiology 22, no. 2 (2011).

S Wing et al., “Air pollution from industrial swine operations and blood pressure of neighboring residents. Environmental
Health Perspectives. 121:92-96, (2013).
' K. Radon et al., "Environmental Exposure to Confined Animal Feeding Operations and Respiratory Health of Neighboring
Residents," Epidemiology 18, no. 3 (2007), P. J. Villeneuve et al., "Intensive Hog Farming Operations and Self-Reported
Health among Nearby Rural Residents in Ottawa, Canada,” BMC Public Health 9(2009); P. S. Thorne, "Environmental Health
Impacts of Concentrated Animal Feeding Operations: Anticipating Hazards--Searching for Solutions," Environ Health
Perspect 115, no. 2 (2007).
" Wing et al., “The potential impact of flooding on confined animal feeding operations in eastern North Carolina,” Environ
Health Perspect 110, no. 4 (2002).
2 Casteel et al., “Fecal contamination of agricultural soils before and after hurricane-associated flooding in North Carolina,” J
Enwron Sci Heai.th A Tox Hazard Subst Environ Eng 41, no, 2 {2006},

YE.K. Silbergeld et al., "One Reservoir: Redefining the Community Origins of Antimicrobial-Resistant Infections," Med Clin
North Am 92, no. 6 (2008). E. K. Silbergeld, J. P. Graham, and L. B. Price, "Industriat Food Animal Production, Antimicrobial
Resistance, and Human Health,” dnnu. Rev. Public Health 29, no. 15 (2008).

14§ Schulz et al., "“Longitudinal Study of the Contamination of Air and of Soil Surfaces in the Vicinity of Pig Barns by
Livestock-Associated Methicillin-Resistant Staphylococcus aurcus,” dppl Environ Microbiol 78(16), 5666-5671 (2012). C. F.
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near CAP Os including flies,”” rodents,'® and migratory geese that land on North Carolina’s swine waste
lagoons.'” A recent medical records study from Pennsylvania shows that people living near swine waste
application sites have elevated hospitalization for infections with methicillin resistant Staphylococcus
aureus (MRSA).'® North Carolina swine and poultry CAFO workers carry strams of Staphylococcus
aureus that are associated with livestock in general, and swine in particular,'” that could be spread by
liquid waste.

II. North Carolina’s Swine CAFOs Overburden Low-Income Communities of Color

Research based on a review of state and federal records shows that North Carolina’s swine CAFOs are
disproportionately located in low-income communities of color.*® Low-income people of color are more
susceptible to CAFO pollution because of older housing, less access to air conditioning, increased
exposures to other environmental and occupational hazards, higher prevalence of medical conditions that
can be exacerbated by exposure to CAFO pollution, and inadequate access to medical services. The
disproportionate burden of swine CAFQOs in low-income communities of color represents an
environmental injustice. Industrial swine production creates profits for out-of-state corporations and
provides cheap pork for consumers at the expense of the health and dignity of eastern North Carolina
residents who bear the brunt of the local pollution and health impacts. Additionally, the large numbers of
CAFOs make these communities unattractive for economic development that would bring clean industries
and good jobs.

The problem is not farming, rather it is the industrial production of animals in concentrations that produce
massive quantities of waste and pollutants. These practices would never be tolerated in wealthy
communities. In North Carolina, CAFO pollution is permitted by the Department of Environment and
Natural Resources. The top ten swine-producing counties in the United States are all in eastern North
Carolina; the health and environmental impacts of swine production in our state are not simply due to
pollution from individual facilities, but result from the density of these operations. Sadly, our regulatory
system has forsaken rural residents by allowing the destruction of their health and quality of life.

Green et al., “Bacterial Plume Emanating from the Air Surrounding Swine Confinement Operations,” J. Occup & Environ
Hygiene, 3:9-15, 2006. S. G. Gibbs, et al., “Isolation of Antibiotic-Resistant Bacteria from the Air Phume Downwind of a
Swmt, Confined or Concentrated Animal Feedmg Operation,” Environ Health Perspect, 114:1032-1037, 2006.

5 A. M. Rule et al., “Food animal transport: A potential source of community exposures to health hazards from industrial
farming (CAFOs),” J Infect & Pub Health, 1:33-39, 2008.

A. Van de Giessen, et al., “Occurrence of methicillin-resistant Staphylococeus aureus in rats living on pig farms,”
Preventive Veterinary Medicine, 91(2):270-273, 2009.

"D, Cole et al., “Free-livingCanada Geese and Antimicrobial Resistance,” Emerging Infectious Diseases, 11:935-938, 2005.
8 1A Casey et al., “High-Density Livestock Operations, Crop Ficld Application of Manure, and Risk of Community-
Associated Methicillin-Resistant Staphylococcus aureus Infection in Pennsylvania,” JAMA Internal Medicine, September 16,
2013.
¥ Rinsky et al., “Livestock-associated methicillin and multidrug resistant Staphylococcus aureus is present among
industrial, not antibiotic-free livestock operation workers in North Carolina,” PLoS ONE, &(7): e67641, 2013.
doi:10.1371/journal.pone.0067641.

Bg, Wing, D. Cole, and G. Grant, "Environmental Injustice in North Carclina's Hog Industry," Environ Health Perspect 108,
no. 3 (2000).
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1. DENR Should Provide Records Needed to Document Environmental and Health Impacts

The ability of scientists to document health and environmental impacts of CAFO pollutants, and the
ability of the public to become aware of the economic, social and health costs of the current system, is
hampered by inadequate public availability of records. We request that DENR compile electronic records
of information that permittees are required to collect and make them publicly available. These include:

The waste level in each lagoon (freeboard levels) (111.2(a))

Precipitation events, including rain levels (II1.3)

Soil fertility (I11.4)

The amount of nitrogen, phosphorus, zinc, and copper in the waste (111.5) as well as arsenic
Dates of irrigation and land application events, quantities of liquid applied on each day, and other
information about land application including hydraulic loading rates, nutrient loading rates, and
cropping information, as well as information as to whether solids were removed and information
about how those solids were disposed on site, or offsite (if applicable) (I11.6)

e  Waste transfers between structures on site that are not typically operated in a series (111.7)

¢ Monthly stocking records (these records are given to DENR, II1.8)

® @& @ @ o

In particular we request that DENR obtain each permittee’s daily record of the quantities and locations of
animal waste applied to land. We also request that DENR make public the boundaries of each field where
swine waste is applied to land and detailed information about all pharmaceuticals and other additives in
each permitee’s swine feed. This information is important for advancing the scientific understanding of
environmental and health impacts of land-application of manure and it is critical to the public’s right-to-
know about environmental pollutants and their costs to neighboring communities and the general public.

IV. Conclusion

The body of research documenting the damage that industrial swine production causes to human and
environmental health continues to grow, and these burdens disproportionately impact communities of
color and low income communities. More information about swine CAFOs should be publicly available
to allow scientists and concerned citizens to monitor potential impacts. We urge you to modify CAFO
permits to set a date in the near future after which the following will be prohibited: 1) the management of
swine waste using lagoons and spray fields, 2) the non-therapeutic use of antibiotics in livestock
production, and 3) the location of animal confinements and animal waste storage in flood plains. These
changes are the minimum required to preserve the health and well-being of rural residents near swine
operafions.

Sincerely, -
Sen ey

Steve Wing, Ginger T. Guidry, Sarah Hatcher and Jessica Rinsky
UNC-CH School of Public Health

ED_002446_00000683-00005






July 29, 2019 EPA-HQ-2017-007907

Industrial Hog Operations in North Carolina
Disproportionately Impact African-Americans, Hispanics and American Indians

Steve Wing and Jill Johnston
Department of Epidemiology
The University of North Carolina at Chapel Hill
August 29, 2014

Summary

Background.: In 2014, the North Carolina Department of Environment and Natural Resources
(NC-DENR) issued a swine waste management general permit (the General Permit), which is
expected to cover more than 2,000 industrial hog operations (IHOs). These facilities house
animals in confinement, store their feces and urine in open pits, and apply the waste to
surrounding fields. Air pollutants from the routine operation of confinement houses, cesspools,
and waste sprayers affect nearby neighborhoods where they cause disruption of activities of daily
living, stress, anxiety, mucous membrane irritation, respiratory conditions, reduced lung
function, and acute blood pressure elevation. Prior studies showed that this industry
disproportionately impacts people of color in NC, mostly African Americans.

Methods: We obtained records on the sizes and locations of permitted IHOs from NC-DENR and
calculated the steady state live weight (SSLW) of hogs as an indicator of the amount of feces and
urine produced at each IHO. We obtained block-level information on race and ethnicity from the
2010 census of the United States. We compared the proportions of people of color (POC),
Blacks, Hispanics, and American Indians living within 3 miles of an IHO to the proportion of
non-Hispanic Whites. We quantified relationships between race/ethnicity, presence of one or
more IHOs, and the SSLW of IHOs, using Poisson regression and linear regression to adjust for
rurality.

Results: Analyses based on a study area that excludes the state’s five major cities and western
counties that have no presence of this industry show that the proportion of POC living within 3
miles of an industrial hog operation is 1.52 times higher than the proportion of non-Hispanic
Whites. The proportions of Blacks, Hispanics and American Indians living within 3 miles of an
industrial hog operation are 1.54, 1.39 and 2.18 times higher, respectively, than the proportion of
non-Hispanic Whites (p<0.0001). In census blocks with 80 or more percent people of color, the
proportion of the population living within 3 miles of an industrial hog operation is 2.14 times
higher than in blocks with no people of color. This excess increases to 3.30 times higher with
adjustment for rurality. Adjusted for rurality, the SSLW of hogs within 3 miles of a census block
increases, on average, 100,000, 64,000, 243,000, and 93,000 pounds for every 10 percent
increase in POC, Black, Hispanic, and American Indian population (p<0.0001).

Conclusions: ITHOs in NC disproportionately affect Black, Hispanic and American Indian
residents. Although we did not examine poverty or wealth in this study, the results are consistent
with previous research showing that NC’s IHOs are relatively absent from low-poverty White
communities. This spatial pattern is generally recognized as environmental racism.
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Background

Swine production in North Carolina (NC) changed dramatically during the last decades of the
20" century. Between 1982 and 2006 the number of hog operations in the state declined
precipitously while the hog population increased from approximately 2 to 10 million (Edwards
and Driscoll 2009). Production became concentrated in eastern NC (Furuseth 1997).

Traditional NC producers raised small numbers of hogs, commonly fewer than 25, and hogs
were one of several commercial crops on diversified farms (Edwards and Driscoll 2009). In
contrast, industrial producers raise large numbers of hogs, often many thousands, in confinement
houses that are designed to vent toxic gases and particles into the environment. Animal wastes
are flushed into open cesspools and then sprayed on nearby fields. Pollutants emitted by IHOs
include hydrogen sulfide, ammonia, a wide array of volatile organic compounds, and bioaerosols
including endotoxins and other respiratory irritants (Cole et al. 2000) (Schiffman et al. 2001).

The negative impacts of particles and gases inside IHO confinements on worker health have been
extensively described (Cole et al. 2000, Donham 1993; Donham et al. 1995; Donham et al. 2000;
Donham 1990). Environmental pollutants from IHOs affect people who are more susceptible
than workers due to young or old age, asthma or allergies, or other conditions. An extensive
body of peer-reviewed scientific evidence shows that IHOs release contaminants into
neighboring communities where they affect the health and quality of life of neighbors. Many of
these studies have been conducted in NC. Hydrogen sulfide concentrations within 1.5 miles of
IHOs in NC are associated with neighbors’ ratings of hog odor and inability to engage in routine
daily activities (Wing et al. 2008), increased stress and anxiety (Horton et al. 2009), irritation of
the eyes, nose and throat, respiratory symptoms (Schinasi et al. 2011), and acute elevation of
systolic blood pressure (Wing et al. 2013). A study of NC public middle school children who
participated in an asthma survey, which was conducted by the NC Department of Health and
Human Services, found that children attending schools within three miles of an [HO had more
asthma-related symptoms, more doctor-diagnosed asthma, and more asthma-related medical
visits than students who attended schools further away (Mirabelli et al. 2006). The same study
reported a 23% higher prevalence of wheezing symptoms among children who attended schools
where staff reported noticing livestock odor inside school buildings twice or more per month
compared to children who attended schools where no livestock odor was reported (Mirabelli et
al. 2006). Other studies in NC (Tajik et al. 2008) (Wing and Wolf 2000) (Bullers 2005)
(Schiffman et al. 1995) and elsewhere (Donham et al. 2007) (Thu et al. 1997) (Radon et al. 2007)
also document negative impacts of IHO air pollution on neighbors’ health and quality of life.

Liquid contaminants from IHOs are released to the environment through leakage of animal waste
storage pits, runoff from land application of liquid wastes, atmospheric deposition, and failure of
the earthen walls of waste pits (Burkholder et al. 2007). Overflow of waste pits during heavy
rain events results in massive spills of animal waste into neighboring communities and
waterways. For example, in late September, 1999, 237 NC IHOs were located in flooded areas
identified from satellite imagery provided by the NC Division of Emergency Management (Wing
et al. 2002). Parasites, bacteria, viruses, nitrates, and other components of liquid IHO waste pose
threats to human health (Burkholder et al. 2007; Cole et al. 2000).
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Routine use of sub-therapeutic doses of antibiotics to promote weight gain of hogs promotes
antibiotic resistance, making infections in humans more difficult to treat (Silbergeld et al. 2008).
Airborne bacteria, including antibiotic resistant strains, have been isolated from THO air
emissions (Schulz et al. 2012) (Green et al. 2000) (Gibbs et al. 2006), and antibiotic resistant
bacteria are associated with animal vectors near industrial animal operations, including flies
(Graham et al. 2009), rodents (van de Giessen et al. 2009), and migratory geese that land on
NC’s THO liquid waste pits (Cole et al. 2005). A recent medical records study from Pennsylvania
shows that people living near IHO liquid waste application sites have elevated rates of infection
with methicillin resistant Staphylococcus aureus (Casey et al. 2013). NC industrial livestock
workers carry strains of Staphylococcus aureus that are associated with swine, including
antibiotic resistant strains (Rinsky et al. 2013). These bacteria could be spread by liquid waste
and airborne particles.

Using information from the United States Census of 1990 and locations of IHOs reported by the
North Carolina Department of Environment and Natural Resources (NC-DENR) in 1998, we
showed that the state’s IHOs were disproportionately located in areas where more people of
color (POC), primarily African Americans, live (Wing et al. 2000). We concluded that their
disproportionate location in communities of color represented an environmental injustice. Since
1998 additional THOs have obtained permission to operate and others are no longer in business.
Additionally, between 1990 and 2010 the state’s population size and spatial distribution changed
due to births, deaths and migration. In this report we update our previous findings by evaluating
whether IHOs operating under the general permit issued on March 7, 2014, will
disproportionately impact POC, Blacks, Hispanics, and American Indians.

Materials and Methods

Lacking a list of the unique IHOs operating under the General Permit finalized in 2014, we used
a list of all permitted industrial animal operations provided by NC-DENR on January 24, 2013
that we had prepared for prior research. First we excluded all non-swine operations from the list.
Next we excluded swine operations with expired permits and permits with an allowable head
count equal to zero. We also excluded permits that did not appear on a list of permitted animal
operations published by DENR in January, 2014. We merged multiple permits issued for the
same facilities to obtain a total head count for each operation. However the head count may be
misleading as a measure of the pollution from each IHO because some facilities primarily house
small pigs while others primarily house large hogs. We therefore calculated each facility’s total
steady state live weight (SSLW) using NC-DENR’s formula based on the number and average
weight of each growth stage of swine permitted at the facility. We interpret SSLW as a summary
measure of the feces and urine produced by the swine of different growth stages at each facility.

Following the protocol provided in our previous study we excluded facilities operated by
research institutions because they are subject to different location and management decisions
than are commercial operations (Wing et al. 2000). Finally, we excluded facilities that do not
hold a certificate of coverage to operate under the General Permit because they operate under
individual permits or National Pollutant Discharge Elimination System general permits. The
resulting facilities should closely approximate those expected to seek to continue operating under
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the renewed General Permit. The renewed General Permit takes effect on October 1, 2014, at
which time we plan to update the list created for this research.

The vulnerability of people of any race/ethnicity to having polluting facilities nearby can be
affected by the race and ethnicity of other people in their community. For example, African-
Americans who live in areas primarily populated by non-Hispanic Whites have, generally, a
lower susceptibility to being near polluting facilities than African-Americans who live in areas
primarily populated by Hispanics or American Indians. We therefore conducted our primary
analyses of disproportionate impact using the POC category. We also conducted analyses for
specific racial/ethnic categories. We defined the following racial/ethnic categories: non-
Hispanic White (non-Hispanics who identified as White and no other race), POC (all people not
categorized as non-Hispanic white), Black (people who identified themselves as African-
American or Black with or without any other race), Hispanic of any race, and American Indian
(people who identified themselves as American Indian with or without any other race). We used
block-level race/ethnicity-specific population counts from the US Census of 2010.

As large-scale agricultural facilities, IHOs are not located in major cities. Following the protocol
adopted in our prior research, we defined a study area for our primary analyses that excluded
census blocks in the five major metropolitan areas of NC (Charlotte, Winston Salem,
Greensboro, Durham and Raleigh) as well as 19 western counties that neither have an IHO nor
border a county that has an IHO. We conducted additional analyses for the entire state.

We considered residents of blocks to be affected by IHOs within three miles of the block
centroid. Blocks were categorized as either having, or not having, an IHO within three miles.
Additionally, we calculated the total permitted SSLW of hogs within three miles of the centroid
of each block as a measure of the total potential influence of pollutants from nearby IHOs on the
residents of the block.

As in our prior study, we also calculated the population density of each block, defined as the
number of people per square mile. Population density is a measure of rurality, which is strongly
related to the availability of land for agriculture and the price of land. Racial/ethnic groups in
NC differ in their urban vs. rural residence, making them differentially susceptible to types of
polluting facilities that locate in rural vs. urban locations. For example, a larger proportion of
non-Hispanic Whites in NC live in remote rural areas than do Blacks, the racial comparison is
affected not only by the susceptibility of Whites vs. Blacks to IHOs, but also by differences in
whether they live in rural vs. urban areas. By adjusting for population density (or rurality), we
compare racial vulnerability to IHOs for racial groups within each level of rurality. This
adjustment 1s analogous to other statistical adjustments in epidemiology, as when the death rates
of two countries are compared: even though death rates at every age may be higher in a poor than
a rich country, the poor country may have a lower overall death rate simply because it has a
younger age distribution. In that case, age-adjustment is used to compare mortality in the two
countries just as we use density-adjustment to compare the proximity to IHOs in areas with
different racial/ethnic make-up.
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We used weighted Poisson regression to quantify relationships between race/ethnicity and the
presence of one or more IHOs within three miles of a block. We used weighted linear regression
to quantify relationships between race/ethnicity and the SSLW of hogs permitted within three
miles of a block. We used census block populations as weights. In density-adjusted models we
included variables for the natural log of population density raised to the first, second and third
power. As in our prior analysis, this cubic model fit the data well and additional power terms
added little to the model fit (Wing et al. 2000). For the two largest racial/ethnic groups other
than non-Hispanic Whites, POC and Blacks, we categorized race/ethnicity in groups of blocks
20% in width compared to blocks with no POC using indicator variables. Due to smaller
numbers in these categories we did not fit models with indicator variables for Hispanics and
American Indians. We also considered the percent of population of each race/ethnicity as a
continuous variable, estimating the added burden of IHOs for a 10% increase in the population.

This study involves neither random sampling nor randomization of exposure to IHOs, therefore
statistical significance testing is inappropriate and confidence intervals do not correspond to the
probability that the true values of measures of association are within the interval. However, the
US-EPA considers statistical significance in its assessment of environmental racism. We
therefore report p-values for differences in proportions of each racial/ethnic group within 3 miles
of an THO using t-tests. We report 95% confidence intervals (Cls) as measures of precision of
the associations estimated from regression models. 95% ClIs that exclude the null value (1.0 for
ratios and 0.0 for differences) are commonly considered to be statistically significant at p<0.05.

Results

We estimate that 2,055 THOs were operating under the General Permit in January 2014, and that
they were permitted to house approximately 1.2 billion pounds of swine (Table 1). The 160
(7.7%) IHOs permitted to house between 20 and 100 thousand pounds accounted for only 1% of
the total permitted SSLW. The 342 (17.2%) IHOs permitted to house between 1 and 10.2
million pounds accounted for 46.5% of the total.

Table 2 shows that there are over 6.5 million residents of the study area. Approximately 986,000
(15.1%) of these live in census blocks whose centroid is within 3 miles of an IHO that operates
under the General Permit. This includes 602,380 non-Hispanic Whites and 383,522 POC.

13.1% of non-Hispanic Whites and 19.9% of POC in the study area live in blocks within 3 miles
of an IHO.

Based on the study area population in Table 2, Table 3 shows ratios of percentage of POC living
within 3 miles of an IHO compared to the percentage of non-Hispanic Whites living within 3
miles of an IHO. The percentage of POC living within 3 miles of an IHO is 1.52 times higher
than the percentage of non-Hispanic Whites. The percentages of Blacks, Hispanics and
American Indians living within 3 miles of an IHO are 1.54, 1.39 and 2.18 times higher,
respectively, than non-Hispanic Whites. If residents of the study area had been randomized to
live within 3 miles of an IHO, the probabilities of observing differences of these magnitudes or
greater are less than 0.0001; the observed differences are considered to be highly statistically
significant.
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We calculated these same ratios based on the entire state population of 9,535,483, The
percentages of POC, Blacks, Hispanics and American Indians living within 3 miles of an [HO
are 1.38, 1.40, 1.26 and 2.39 times higher than the percentage of non-Hispanic Whites,
respectively. These ratios are considered to be highly statistically significant.

Figure 2 shows the percent of people living within 3 miles of an IHO in relation to the percent of
people of color in blocks. In areas with less than 20% POC, just over 10% of the population
lives within 3 miles of an IHO. In areas with 60-80% POC, over 20% of the population lives so
close to an IHO. In areas with more than 80% POC, more than a quarter of the population lives
within 3 miles of an THO.

Table 4 presents ratios of the percent of people living within 3 miles of an IHO in blocks with >0
to <20%, 20 to <40%, 40 to <60%, 60 to <80% and 80 to 100% POC compared to blocks with
no POC. The total population in these categories ranges from 526,305 in blocks with 60 to
<80% POC to 2,577,015 in blocks with >0 to <20% POC. Ratios are statistically significantly
elevated for all areas with more than 40% POC with or without adjustment for rurality. Ratios
on the right side of Table 4 are adjusted for rurality. These ratios increase with the percentage
POC. The highest ratios occur in areas with more than 80% POC, where over three times as
many people live near IHOs, adjusted for rurality, compared to areas with no POC. These
excesses are considered to be highly statistically significant.

Table 5 shows the results of analyses for Blacks parallel results to in Table 4 for all POC.
Although ratios are somewhat lower for Blacks than POC, the percent of people living within 3
miles of an THO is statistically significantly elevated in all groups of blocks that are more than
40% Black, with or without adjustment for rurality. In areas that are 80% or more Black, twice
as many people live within 3 miles of an IHO compared to areas with no Blacks, a disparity that
increases to three times more with adjustment for rurality. These excesses are considered to be
highly statistically significant.

Table 6 presents the increased percent of the population living within 3 miles of an THO for each
additional 10 percent of the population of POC, Blacks, Hispanics, and American Indians. This
analysis is similar to the results in Tables 4 and 5, but rather than using categories, the
relationship between race/ethnicity and proximity to IHOs i1s modelled as a linear function. For
every ten percent increase in POC, the proportion of people residing within 3 miles of an ITHO
increases, on average, by 10.7%. These values are 9.4, 8.5, and 16.2 for Blacks, Hispanics, and
American Indians, respectively. Adjusting for rurality, 14.8% more people reside within 3 miles
of an THO for each additional ten percent POC. Adjusted values are 13.0, 16.3 and 11.8 for
Blacks, Hispanics and American Indians, respectively. These linear relationships between
race/ethnicity and living near IHOs are considered to be highly statistically significant.

Table 7 shows the difference in SSLW of hogs within 3 miles of residents of blocks with >0 to
<20%, 20 to <40%, 40 to <60%, 60 to <80% and 80 to 100% POC compared to blocks with no
POC. Blocks in categories with more than 20% POC have, on average, between 177 and 510

thousand pounds more hogs within 3 miles than blocks with no POC. Adjusting for population
density, blocks with more than 60 percent POC have, on average, more than three-quarters of a
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million pounds more hogs permitted within 3 miles than areas with no POC. These excesses are
considered to be highly statistically significant.

Table 8 presents parallel results for percentage Black population. As for POC, areas with more
than 20% Black residents have an excess SSLW of hogs compared to areas with no Black
residents, and differences are greater with adjustment for rurality. Adjusted for population
density, blocks with more than 40% Black residents have between 493,000 and 620,000 more
pounds of hogs within 3 miles than areas with no Black residents. These excesses are considered
to be highly statistically significant.

Table 9 provides the average additional SSLW of hogs permitted in areas with POC for each
percent increase in specific racial/ethnic categories. Adjusted for population density, the
permitted SSLW of hogs within 3 miles of blocks increases 100, 64, 242, and 92 thousand
pounds for each ten percent increase in POC, Black, Hispanic, and American Indian population,
respectively. These linear relationships between race/ethnicity and SSLW are considered to be
highly statistically significant.

Figure 3 depicts the data analyzed above. Each dot represents an THO that was operating under
the General Permit in 2014. THOs are concentrated in NC’s Coastal Plain Region, between the

Piedmont and Tidewater. The red areas of Figure 3 indicate that this region has more people of
color than other parts of the study area.

Conclusion

IHOs operating under the NC-DENR General Permit in 2014 are disproportionately located near
communities of color. The disparities are considered to be highly statistically significant for
Blacks, Hispanics, American Indians, and all POC. IHOs pollute local ground and surface water.
They routinely emit air pollutants that negatively impact the quality of life and health of nearby
residents. In addition to their well-documented effects on physical, mental and social well-being,
residents of areas with a high density of IHOs, and especially residents of color, have been
subjected to intimidation including threats of legal action, violence, and job loss (Wing 2002).
The industry’s close ties with local and state government officials help it to avoid regulation that
could protect neighbors, and creates barriers to democracy in rural communities of color (Thu
2001, 2003). These discriminatory impacts could be reduced by decreasing the density of
production and use of technologies that prevent releases of pollutants.
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Figure 3
Racial and ethnic composition of census blocks and the locations
of NC IHOs operating under the General Permit, 2014
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Table 1
Steady state live weight of IHOs
operating under the General Permit, NC, 2014

Permitted Number of Percent of Percent of
SSLW! HOs HOs Total SSLW'  total SSLW
20- 160 7.7 12,574 1.0
100- 447 21.6 76,626 5.9
250- 577 28.1 222,003 171
500~ 529 254 383,918 29.6
1,000-10,200 342 17.2 603,354 46.5
Total 2055 100.0 1,298,474 100.0
"Thousands of pounds

Table 2

Racial and ethnic composition of NC census blocks within 3 miles
of an IHO and more than 3 Miles of an IHO, 2014

<3 miles from an IHO >3 miles from an [HO
Racial Category Number Percent Number Percent Total'
Non-Hispanic
white 602,380 13.1 4,003,455 86.9 4,605,835
POC! 383,522 19.9 1,548,276  80.1 1,931,798
Black 277,199 202 1,096,795 79.8 1,373,994
Hispanic 92,679 18.1 418,292 81.9 510,971
American Indian 40,621 28.5 101,872 71.5 142,493
Total" 985,902 15.1 5,551,731 849 6,537,633

'POC can be counted in more than one racial/ethnic category. The total population is equal
to the number of non-Hispanic Whites plus the number of POC.

13

ED_002446_00000684-00013





July 29, 2019

Table 3

EPA-HQ-2017-007907

Ratios of POC compared to non-Hispanic Whites living within 3 Miles

of an THO operating under the General Permit, 2014

Racial/ethnic <3 miles from an IHO

Category Population Number Percent Ratio® p-value3
Non-Hispanic white 4,605,835 602,380 13.1 1.00 -

POC! 1,031,798 383,522 199 1.52 <0.0001
Black 1,373,994 277,199 20.2 1.54 <0.0001
Hispanic 510,971 92,679 18.1 1.38 <0.0001
American Indian 142,493 40,621 28.5 2.18 <0.0001
Total' 6,537,633 985,902  15.1

"People of color can be counted in more than one racial/ethnic category. The total population is
equal to the number of non-Hispanic Whites plus the number of POC.
“Ratio of the percent of people of other racial/ethnic groups to percent of non-Hispanic Whites
living within 3 miles of an IHO
3A difference in proportions of this magnitude or greater would be expected to occur less than

one time in ten thousand if people of different racial/ethnic groups had been randomized to live

within 3 miles

of an IHO.

Table 4

Ratios comparing the percent of people residing within 3 miles of an IHO

in blocks with POC compared to blocks with no POC

Unadjusted Adjusted’

Percent Population  Prevalence 95% CI Prevalence 95% CI
POC Ratio Ratio

0 694,747 1.0 referent 1.00 referent
>0 to <20 2,577,015 0.83 0.82,0.83 1.01 1.00,1.02
20 to <40 1,364,923 1.34 1.33,1.45 1.95 1.93,1.97
40 to <60 799,124 1.35 1.34,1.36 2.15 2.13,2.16
60 to <80 526,305 1.64 1.62, 1.65 2.53 2.50,2.55
80 to 100 575,519 2.14 2.12,2.16 3.30 327,332

"Adjusted for rurality using a cubic polynomial of the natural log of population density
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Ratios comparing the percent of people residing within 3 miles of an IHO
in blocks with Black residents compared to blocks with no Black residents

Unadjusted Adjusted’

Percent Population  Prevalence 95% CI Prevalence 95% CI
Black Ratio Ratio

0 1,308,061 1.00 referent 1.00 referent
>0 to <20 2,941,746 0.93 0.92, 0.94 1.20 1.19,1.21
20 to <40 1,043,277 1.44 1.43,1.45 2.07 2.05,2.08
40 to <60 536,198 1.52 1.51,1.53 2.18 2.17,2.20
60 to <80 336,232 1.57 1.56, 1.59 2.19 217,221
80 to 100 372,119 2.01 1.99,2.02 3.06 3.04,3.09

"Adjusted for rurality using a cubic polynomial of the natural log of population density

Table 6

Percent difference in the percent of people residing within 3 miles of an IHO for a ten percent

increase in the population of each racial/ethnic group

Unadjusted Adjusted’
Racial/ethnic group Percent 95% CI Percent 95% CI
POC 10.7 10.6, 10.8 14.8 147, 14.9
Black 93,94 13.0 12.9,13.1
Hispanic 8.4, 86 16.3 16.1,16.4
American Indian 16.2 16.0, 16.4 11.8 11.6,12.0

"Adjusted for rurality using a cubic polynomial of the natural log of population density
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Difference in SSLW of hogs within 3 miles of residents of blocks
with POC compared to blocks with no POC

Unadjusted Adjusted’

Percent POC  SSLW? 95% CI SSLW 95% CI
0 Referent - Referent -

>0 to <20 35 73,3 190 154, 227
20 to <40 177 136,219 535 495, 575
40 to <60 308 262, 353 717 672, 762
60 to <80 510 459, 561 896 846, 946
80 to 100 453 403, 503 837 788, 885

"Adjusted for rurality using a cubic polynomial of the natural log of population density
#1,000s of pounds

Table 8

Difference in SSLW of hogs within 3 miles of residents of blocks
with Black residents compared to blocks with no Black residents

Unadjusted Adjusted’

Percent Black SSLW? 95% CI SSLW 95% CI
0 Referent - Referent -

>0 to <20 4 33,25 237 207, 265
20 to <40 190 153,227 493 457, 530
40 to <60 327 281,372 620 576, 665
60 to <80 275 221,330 547 494, 599
80 to 100 165 113,218 494 444, 545

"Adjusted for rurality using a cubic polynomial of the natural log of population density
#1,000s of pounds

Table 9

Difference in SSLW of hogs within 3 miles of residents of blocks for a ten percent increase in

population of each racial group

Unadjusted Adjusted’
Racial/ethnic group SSLW? SSLW 95% CI
POC 67 100 96, 104
Black 38 64 60, 68
Hispanic 183 174, 192 242 234, 251
American Indian 124 111, 137 92 80, 105

"Adjusted for rurality using a cubic polynomial of the natural log of population density

?1,000s of pound
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Environmental Injustice in North Carolina’s Hog Industry
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Environmental injustice refers to the dispro-
portionate burden of poliution on people of
color and the poor (I~3). In contrast to rural
America’s traditional image of unspoiled ter-
ritory free of industrial pollution, poor rurat
communities have been targeted in recent
years for urban, industrial, and milivary
wastes that are unwanted by communities
with larger populations and more political
power (4-6). Other threats of environmental
injustice in rural areas have come about
because of the industrialization of agricultur-
al activities (7,8). In this work we consider
the environmental justice implications of the
transformation of hog production in North
Carolina from a system dominated by small
independent farmers to lasge vertically inte-
grated agribusiness production.

Between 1985 and 1998 North Carolina
moved from fifieenth to second in hog pro-
duction among U.S. states, with approxi-
mately 10 million head outnumbering the
state’s human population of approximarely
7.5 million {7.9). The expansion of produc-
tion has been accompanied by a declining
number of operations and an increasing
average size of operations (10). In 1998,
market prices for hogs dropped to their fow-
est levels since the 1920s, which accelerated
the demise of smaller independent produc-
ers. Most hogs are now produced by opera-
tors who work under contract to corporate
integrarors, which provide the management

plan and own the animals, feed, and trans-
portation; the operators own the land,
buildings, and waste (/7). In the past, hog
production was dispersed throughour the
state, but it has become consolidated in the
coastal plain region, which concentrates
waste and the potential for environmental
damage in a region that is sensitive because
of low-lying flood plains and high water
tables (10).

Intensive swine production may pose
environmental health dangers because of the
high volume of waste, the chemical and
microbial content of the waste, and the prac-
tice of using liquid waste management
systemns that are not isolated from the envi-
ronment (12}, In intensive hog production
facilities, referred to as confined animal feed-
ing operations (CAFQOs), thousands of hogs
are housed in large buildings. Waste is col-
lected in cesspools for anaerobic decomposi-
tion and is subsequently sprayed on fields.
Airborne emissions from confinement houses,
cesspools, and spray fields contain ammonia,
hydrogen sulfide, hundreds of volatile organic
compounds, dusts, and endotoxins. These
mixeures, which cause respiratory dysfunction
in hog confinement-house workers (13-28)
and possibly lower level symproms in nearby
residents (29,30), are highly obnoxious odot-
ants that affect quality of life (29-31) and
may be associated with mood disorders and
lowered immune function (32,33).

Environmental Health Perspectives « Volume 108, Number 3, March 2000

Leaking cesspools and waste sprayed on
fields can contaminate groundwater with
nitrates and pathogens. The North Carolina
State Health Department’s (Raleigh, NC)
well-testing program for the neighbors of
intensive hog operations has documented
elevated nitrates from hog operations (34).
Groundwater contamination is a particular
problem in eastern North Carolina because
the water tables are high and many wells are
shallow and unlined. No active population-
based surveillance data are available to
document pathogen contamination or the
incidence of infections. Hog operations also
contaminate surface waters, which may fead
to high pathogen loads, eutrophication, and
the promotion of algae and dinoflagellate
growth (35-39).

The coastal plain region of North
Carolina is also part of the southern Black
Belt, a region where the agricultural econo-
my was first built on the basis of slave labor
and where a majority of rural African
Ameticans in the United States still reside.
The concentration of hog production in this
poor region of the state has therefore raised
the issue of environmental injustice {(40). As
in the case of other environmental justice
problems, the presence of this polluting
industry is a threat to public health because
it may lower land values and quality of life
and impede healthier economic develop-
ments that are needed in communities
which suffer from low wages, lack of access
to medical care, and poor nutritional options.
Environmental injustice in the North
Carolina hog industry has previously been
investigated for counties (7,9) and U.S.
Census Bureau (Suidand, MD) block groups
(41). Using data for census block groups
(areas of approximately 500 households), we
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examined the extent to which hog CAFOs are
located disproportionately in communities
with high levels of poverty, high proportions
of nonwhite persons, and high percentages of
households dependent on well water. In addi-
tion, because agricultural activities are located
in rural areas where land is inexpensive, and
because many rural areas are poor and non-
white, we also considered whether relation-
ships between the locations of hog CAFOs
and poverty, race, and well use can be
explained by the rural nature of these areas.

Materials and Methods

We obtained a list of ail animal operations
registered with the North Carolina Division
of Water Quality (DWQ; Raleigh, NC) as
of February 1998. Animal operators report
information on the number of head, species
and type of animals, aspects of the liquid
waste management system, the latiude and
longitude coordinates of the facility, and the
name of the corporate integrator, if any,
with whom the operator has a contract. Swine
operations are required to register with the
DWQ if they have > 250 head and if they
use a liquid waste management system. The
steady state live weight (SSLW) of the herd
was calculated by the DWA(Q as a function of
the number of head of each type (breeding
sows, farrow to wean pigs, wean to feeder
pigs, feeder to finish hogs, boars, and gilts)
and the average weight for each type hog.
Finished hogs, ready for market, weigh
approximately 240 1b.

Of the 3,039 animal operations in the
database, 2,585 were swine operations
(Figure 1). Facilities with missing data or
head counts < 250 wete excluded. We located

the facilities within the state using latitude
and longitude data. For 257 facilities, geo-
graphic coordinates placed the facility outside
of the county of operation, outside the state,
or the coordinates were missing. Missing and
incorrect geocoordinates were corrected using
local maps, geographic information systems
software, and the driving instructions provid-
ed to state inspectors. The DWQ was con-
tacted to provide information for operations
that were missing road instructions or had
incomplete instructions, and on those that
were out of business. Operations with coor-
dinates inside the correct county were not
examined further. Three university-owned
operations, which are not subject to the same
commercial location considerations as other
facilities, were excluded from the analysis.
The remaining 2,514 swine CAFOs were
included in the analysis (Figure 1).

We used geographic coordinates for the
swine operations to locate the facilities
within the boundaties of block groups. The
number of facilities in each block group was
the dependent variable in analyses quantify-
ing the association between number of hog
CAFOs and the characteristics of block
groups. Because airborne emissions from hog
CAFOs may affect the environment well
beyond their boundaries, we also conducted
analyses considering buffer zones of 1 and 2
miles, in which the count of operations for a
block group consisted of the number of hog
CAFOs that were within 1 or 2 miles of the
block group’s boundaries.

Information on race, poverty, and water
source was obtained for 1990 census block
groups, the smallest geographical unir for
which economic and demographic data can
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Figure 1. The identification of swine CAFOs from the DWQ data, February 1938
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be obtained and the unit most closely
approximating neighborhoods or communi-
ties. The 1990 census provided the most
recent block group level geographic informa-
tion available, and corresponded to the time
during which hog production in North
Carolina began to accelerate rapidly. Three
environmental justice variables of interest
were defined as the percentage nonwhite
population, the percent of persons in pover-
ty, and the percent of households that used
well water. We also obtained the total nurm-
ber of persons, land area in square miles, and
population density for each block group.

Some areas of the state, including metro-
politan areas, have no presence of the com-
mercial swine production industry. These
areas, including mostly white Appalachia and
some largely African American areas in
central cities of the Piedment, could have
skewed the evaluation of the relationship
between hog operations and the environmen-
tal justice variables. Therefore, we excluded
from the analysis 14 of the state’s 100 coun-
ties that did not border a county with a hog
CAFO and the state’s five cities with 1990
populations > 100,000. The remainder of the
state considered in the analysis included
4,177 block groups with a population of
approximately 4.9 million persons.

Relationships between the environmen-
tal justice variables {poverty, race, and water
source) and the presence of hog CAFOs
were first evaluated by summing the total
number of hog CAFOs in quintiles of the
distribution of each environmental justice
variable. Because quintiles have the same
number of block groups by definition, the
ratio of the number of hog CAFOs in each
higher quintile as compared to the lowest
quintile of the variable is equal to the preva-
lence ratio of the number of operations per
block group at higher levels as compared o
the lowest level. This unadjusted measure is
referred to as a crude ratio.

We prepared maps to show the spatial
distribution of the major study variables.
Chloropleth maps of poverty, race, and pop-
ulation density are keyed to bar graphs indi-
cating the numbers of block groups in each
category. Because block groups vary greatly
in land area and because the visual impact of
the chloropleth map is influenced by land
area, categorics based on quintles of block
groups are not sensitive to the spatial distrib-
ution of the variables. Therefore, we chose
category boundaries for maps to reflect the
distribution of each variable.

Agricultural operations of all types are
located in rural areas, where population densi-
ty is low and land is inexpensive. Rural areas
have higher poverty rates, much of the south-
ern Black Belt is rural, and rural areas are
often not served by municipal water systems.
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It was therefore of interest to determine the
extent to which excess numbers of hog opera-
tions in poor, nonwhite, and well-water-
dependent communities could be considered
a function of their low population density.
We used Poisson regression to model the
relationship between che natural log of popu-
ladon density and the number of hog opera-
tions per block group. We used linear,
quadratic, and cubic terms for the log of
population density to obtain an adequate fit
of the model 1o the data. Higher order terms
did little to improve the fit of the model.
Because Poisson models were overdis-
persed (model deviance/degrees of freedom
> 1), we set the scale parameters for the
models equal to the overdispersion values,
which ranged from 1.6 to 1.8. We included
indicator variables to represent each of the
higher quintiles and we calculated the rarios
of the number of hog CAFOs in block
groups in each higher quintile of the envi-
ronmental justice variables as compared to
the lowest. We adjusted these ratios for pop-
ulation density using the cubic polynomial
regression. Models were fit separately for
operations under contract to corporate inte-
grators and for those that were independent.

Resuits

Figure 2 shows the locations of hog CAFOs
in North Carolina and the areas of the state
excluded from the analysis. Each red dot
represents one hog operation. The dense area
of operations in the southeastern part of the
state is centered on Duplin and Sampson
Counties, the wwo largest hog-producing
counties in the United Stares.

The size distribution of the 2,514 North
Carolina hog CAFOs is shown in Table 1.
The smallest 277 operations had an SSLW
of < 100,000 b each, which accounted for
11.0% of the operations and 1.4% of the
state’s SSLW. The SSLW of the largest 369
operations was 2 1 million pounds, which
accounted for 14.7% of the operations and
44.4% of the SSLW in the state.

The geographic distribution of poverty is
shown in Figure 3. Figure 3B shows the
number of block groups in each category of
poverty. For example, the categories with
0-~5 and 5-10% persons in poverty each
include approximately 1,000 block groups.
Low-poverty areas predominate in the cen-~
tral Piedmont region of the state, whereas
the higher poverty areas are located in the
eastern coastal plain and in the northwest
region (the edge of Appalachia).

Figure 4 shows the percentage nonwhite
population. Most of the approximately
1,800 block groups with < 10% nonwhite
population are located in the western part of
the study area. These include 454 block
groups that are 100% white. Areas with larger

proportions of nonwhite population (mostly
African Americans) ase primaily in the east-
ern part of the state. An exception to the pri-
marily African American makeup of the
state’s nonwhite population is Robeson
County, located just southeast of the angle
formed by the two straight lines along the
central southern boundary of state. Robeson
County is home to the Lumbee Indians and
its population is approximately one-third
Native American.

Beeanshars
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Table 2 presents the characteristics of
block groups in relation to the environmental
justice variables. Larger numbers of persons
in the lowest categories of poverty live in a
smaller land area, which results in higher
population densities in areas with less pover-
ty. Block groups in the lowest quintile of
poverty contained only 43 hog CAFOs with
17.5 million b of hogs, an average of 406.8
thousand Ib/operation. In comparison, there
are 225 hog operations in the second quintile

DBurham
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Figure 2. North Carolina study areas and locations of intensive hog operations, 1998,

Table 1. SSLW of North Carolina hog CAFDs, 1998

SSLW {millions QOperations Operations Cumulative SSLW SSLw
of pounds} {n {%} {mitlions of pounds) {%}
0.02t0<0.10 27 11.0 208 14
0.10t0<0.25 583 232 978 88
0.25t0 <050 708 282 268.2 185
(.50t0< 1.0 577 239 4145 288
10t0< 101 369 147 639.7 444
Total 2514 100 14408 100

ﬁj (RECE
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Figure 3. (A) The percent of persons in poverty in North Carolina, 1890. {B) The number of block groups in

each category of poverty.
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of poverty, 585 in the third, and > 800 in the
fourth and fifth quintiles. Increases in total
SSLW in areas with higher poverty levels are
due to both larger numbers of operations and
higher SSLW per operation.

Table 2 also shows the distribution of per-
sons, land area, and hog operations for cate-
gories of the percentage nonwhite population.
Population densities are lowest in the fourth
and fifth quintiles of the percentage nonwhite
variable. The 123 hog CAFOs in the lowest
quintile have an SSLW of 48 million Ib. The
number of hog CAFQs in higher quintiles of
the percentage nonwhite population increases
to a maximum of 820 in the fourth quintife.
The largest SSLW is in the highest quintile,
513 million lb, and the average size of
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operations increases with increases in the per-
centage nonwhite population.

Table 2 also presents information for
block groups in quintiles of percentage of
households using well water. This variable is
most clearly related to population density,
which declines from 1,315.4 persons/square
mile in areas where < 1% of households have
well water to 53.9/square mile in areas where
> 85% of households have well water. Only
five hog CAFOs, with a total SSLW of 1.2
million Ib, are found in the lowest quintile of
well-water use. Almost half of all hog CAFOs
are Jocated in block groups where > 85% of
households have well water.

Although Table 2 shows clearly that
there are more hog CAFOs in areas with

5 % B owe we

Hommhits popsintion %

Figure 4. (A} The percentage nonwhite population in North Carolina, 1390, {B) The number of block groups
in each category of the percentage nonwhite population.

Table 2. Characteristics of block groups in relation to poverty, race, and water source.

higher percentages of persons in poverty,
nonwhite persons, and households that use
wells, it also shows that areas with the high-
est levels of these characteristics have lower
population density, indicating that they are
more rural areas. Population density is gen-
erally low throughout the eastern part of the
state as compared to much of the Piedmont
(Figure 5). Figure 6 shows that the number
of hog operations per block group is strongly
related to population density and that the
observed number of operations per block
group is predicted well by a cubic polynomi-
al on a log-log scale. The number of opera-
tions per block group is lowest at the highest
density, reaches a peak at approximately 20
persons/square mile, and declines somewhat
at the lowest levels of density. The toral
number of operations in each category,
shown in Figure 6 beside the observed values
for the number of operations per block
group, shows that the vast majority of opera-
tions are in block groups with fewer than
100 persons/square mile.

Table 3 summarizes the relationship
berween environmental justice variables and
the presence of hog CAFOs in terms of the
ratio of the number of operations per block
group among block groups in the higher
quintiles as compared to the lowest quintiles.
The crude ratio of the number of operations
per block group can be calculated from the
data in Table 2. The ratio, adjusted for popu-
lation density, is shown in the second column
under each variable in Table 3. The large
ratios for the higher levels of poverty, which
vary from 5 to 20, are substantially reduced
with adjustment for the rural nature of those
areas. Adjusted ratios increase in a stepwise
fashion with higher levels of poverty, from 3.0
in the second quintile to 7.2 in the highest.

Block No. tand area Population Pounds SSLW per
groups persons {thousands density {people Total of hogs operation
Characteristic {n) {thousands} of square miles} per square mile) operations {millions) {thousands)
Poverty {%)
Ote<49 835 1,118 47 2380 43 175 406.8
481t0<88 835 1,068 12 148.0 225 100.6 447.0
88t0< 136 836 966 34 103.0 585 2848 486.9
136t <210 835 930 113 82.1 850 503.6 532.5
21010100 836 853 94 905 811 534.3 658.8
Nonwhite (%)
Oto<23 835 840 73 1145 123 480 330.2
2310<93 835 1,048 8.3 165.2 165 78.1 4736
8310<208 836 1,038 8.0 1285 623 306.2 4915
208t <442 835 1,103 10.5 1055 820 4355 604.3
442 16 100 836 907 93 91.7 783 5130 £655.1
Well water {%}
Oto<1.0 835 897 07 13154 5 1.2 248.0
10t0<164 835 1,068 34 3144 185 3.6 495.1
16410 < 46.1 836 1,038 83 1245 386 2059 5334
46.1to <855 835 1,020 127 805 734 450.5 613.7
85510 100 836 914 17.0 539 1,204 6916 5744
Total® 4177 4937 421 1174 2514 1,440.8 5731

3Sum for each variable.
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Crude ratios for the percentage nonwhite
population are smaller than the crude racios
for the percent of persons in poverty, rang-
ing from 1.3 in the second quintile to 6.7 in
the fourth quintile. Furthermore, the ratios
are less affected by adjustment for popula-
tion density. The ratio for the second quin-
tile increases to 1.9, whereas ratios in the
fourth and fifth quintiles are somewhat
decreased. Adjusting for population density,
the third, fourth, and fifth quintiles of the
percentage nonwhite population have
approximately 5 times as many hog CAFOs
as those in the lowest quintile.

Hog CAFOs show a strong and monoto-
nically increasing relationship to the percent
of households using well water, with preva-
lence ratios ranging from 37.0 in the second
to 240.8 in the fifth quindle. Most of this
strong relationship, however, can be explained
by the lower population density of areas with
a high dependence on wells. Adjusted ratios
in higher quintles as compared to the lowest
range between 4 and 5.

Table 4 shows the prevalence ratios for
hog CAFOs in block groups cross-classified
by poverty and the percentage nonwhite
population, adjusted for population density.
Block groups in the 0-5% poverty and 0-2%
nonwhite population category are considered
the referent group. Table 4 shows that
increases in the percentage nonwhite popula-
tion have litde effect on number of hog oper-
ations among block groups in the lowest
poverty group. Similarly, only modest increas-
es in the numbers of operations are seen with
increasing poverty levels among block groups
in the lowest percent nonwhite category.
However, prevalence ratios increase dramati-
cally in areas with higher proportions of
poor and nonwhite persons, reaching a ratio

Blosk groups inn.}

% &3

Bopulation denvity iperaony

kS ;
par atpare wmiled

of 9 times as many operations in block groups
with 2 12% poverty and 2 10% nonwhite
population, adjusted for population density.
Most of the growth in NC pork prodac-
tion during the 1990s has been in large
operations managed for corporate integrators
rather than in independent operations.
Therefore, we repeated the analyses for
poverty and race separately for operations
that listed corporate integrators on their per-
mit applications (7 = 1,603) and those that
did not {(n = 911). Prevalence ratios for inte-
grator and independent CAFQOs, adjusted for
population density, are shown in Table 5.
Although there is an excess of both types of
operations in areas with greater percentages
of poor and nonwhite populations, the
excess is substandally larger for integrator
operations at every level of poverty and race.
Among the areas in the poorest quintile of
block groups there are 20 times more inte-
grator CAFOs than in the least-poor quin-
tile, adjusted for differences in population
density, whereas the excess of independent
CAFOs in those areas is only 3.5 rimes.
Similarly, block groups in the highest three
quintiles of the percentage nonwhite popula-
tion show an excess of integrator operations
of 7 to 8 times, whereas the excess of inde-
pendent operations is approximately 3 times.
Our analyses reported above consider
only populations within the block groups
containing hog CAFQOs as potentially affect-
ed. However, airborne emissions and water
pollution from CAFQs may travel some dis-
tance. Therefore, we reclassified the number
of hog CAFO:s in each block group consider-
ing 1- and 2-mile buffers around each opera-
tion. In these analyses, the number of hog
operations in a block group is considered the
number within the block group’s boundaries

3.8

Figure 5. {4) North Carolina population density, 1990. {B) The number of block groups in each category of

population density.
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plus the number within 1 or 2 miles of the
block group, under the assumption that
CAFOs located within | or 2 miles may
impact the populations of neighboring block
groups. We conducted analyses for the per-
cent of persons in poverty and the percent-
age nonwhite population using the cubic
polynomial model to adjust for population
density. The ratios for the percent of persons
in poverty were somewhat reduced, ranging
between 2.2 and 5.9 under 1 and 2-mile
buffers, as compared to a range of 3.0-7.2
with no buffer (Table 3). The ratios for the
percentage nonwhite population were simi-
lar to ratios using a zero buffer, ranging from

1.9t05.3.
Discussion

We examined the locations of North
Carolina’s approximately 2,500 intensive hog
confinement facilities in relation to poverty
levels, race, and household water source of
neighboring populations. These facilities are
located disproportionately in communities
with higher levels of poverty, higher propor-
tions of nonwhite persons, and higher depen-
dence on wells for household water supply.
The disproportionate location of hog CAFOs
in these areas raises numerous public health
and social justice issues (7,9,42,43). Intensive
swine production and its attendant pollution
are concentrated in areas of North Carolina
that have the highest disease rares (44,45),
the least access to medical care, and the great-
est need for positive economic development
and better educational systems (46). The
adverse effects of hog CAFOs on the qualiyy
of life and on community aesthetics (29-31)
threaten the community economic and social
developments that are fundamental to
improved public health (47).

This study did not address siting deci-
sions for particular hog operations. The rea-
sons why a facility is located in a specific
place are, in some ways, particular to the his-
torical situation, business climate, local cul-
ture, and personal or family decision making,
However, the pattern of location of industries
reflects institutional factors and the political
and economic power of local populations.
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Figure 6. Number of operations per block group in
relation to population density.
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We depended on data from the DWQ
for information on the locations and charac-

Table 3. Crude and adjusted prevalence ratios of numbers of hog CAFOs per block group for quintiles of
poverty, nonwhite population, and well-water source.

Poverty (%] Nonwhite (%) Well water (%) teristics of intensive livestock operations in

Crude Adjusted Crude Adjusted Crude Adjusted February 1998. Because 2 moratorium on

Quintile ratio® ratio? ratio® ratio® ratio® ratio? the construction of new industrial operations
‘ 10 10 10 10 10 10 was imposed by the North Carolina General
i 57 30 13 19 970 49 Assembly in March 1997 (7} and has not yet
i 136 55 51 51 772 47 been lifred (as of 1999), information from
1Y 198 64 8.7 5.1 1468 42 1998 remains relevant. However, the validity
v 18.9 12 8.4 47 2408 47 of analyses reported here depend on the

SUnadjusted ratio of number of cperations, higher quintile as compared to the first quintite. #Adjusted for population den- quality of informarion recorded by the state.

sity, cubic polynomial.

These institutional inequalities are critically
important issues to consider in addressing the
public health problem of the disproportionate
burden of polluting industries among poor
and nonwhite populations (1,2,5,40,48).

Both poverty and race are strongly related
1o the location of hog operations, as shown in
Tables 2 and 3. However, the combination of
the two characteristics is of particular interest
{Table 4). Increasing levels of poverty have
only a modest effect in block groups with
< 2% nonwhite populations. Similarly,
increasing levels of nonwhite populations
have little effect on the prevalence of hog
operations among the block groups with
< 5% poverty. It is the combination of a high
percentage nonwhite populations and high
poverty levels that is associated with the great-
est excess of hog CAFQs, reaching a preva-
lence ratio of almost 10 for block groups with
2 12% poverty and 2 10% nonwhite popula-
tion as compared to block groups with < 5%
poverty and < 2% nonwhite population.

The industrialization of agriculture has
brought about not only changes in size, but
also in ownership. All of the hog operations
considered in this research are large and fall
under state regulations for intensive livestock
operations. However, among these large
operations, some are owned and operated by
independent farmers who make their own
management decisions. Other operations are
owned by or are operated under contract
with large agribusiness integrators that own
and control the animals, feed, veterinary
supplies, transportation, financing, and mar-
keting of the product. Although both types
of operations are large and industrialized,
integrator operations have been responsible

Table 4. Adjusted prevalence ratios? of the
numbers of heg CAFOs per block group for block
groups classified by poverty and nonwhite
population.

for most of the recent expansion of the
industry (7). Because of their corporate
structures, they may be in the best position
to locate facilities based on economic consid-
erations such as proximity to other operations,
transportation routes, and slanghterhouses,
as well as low land prices and the low local
political power of host communities. Fur-
thermore, there is a net decrease in jobs in
regions where hog production has been
industrialized because of the displacement of
the independent producers who purchased
locally (49). The concentration of hog
CAFOs in poor and nonwhite areas is much
greater for integrator than for independent
operations (Table 5). Because the industry is
moving rapidly toward greater economic
concentration while family-owned businesses
are in decline (9,10,50), the evidence of
greater environmental injustice for integrator
operations suggests that this problem may
increase in the future.

This study was conducted using census
block groups as the units of analysis. These
areas, averaging approximately 500 house-
holds, are the smallest unit for which popu-
lation data are available from the U.S. census
and should provide berter sensitivity and
specificity to the characteristics of popula-
tions in greatest proximity to hog operations
than would larger geographic units. The
most recent block group data available are
from 1990; more recent economic data from
other sources are not available with this level
of geographic detail. In any case, 1990 is an
appropriate year for which to measure socioe-
conomic characteristics in our study of the
location of hog operations because the peri-
od of rapid growth in the industry began in
the late 1980s.

We detected and corrected hundreds of
errors in laticude/longitude coordinates for
North Carolina hog CAFOs that were not
located in the correct county according to
the database (Figure 1). The extent of with-
in-county errors in the data is unknown.
Information on the size of the operation
depends on the quality of data provided by
the operator. The database conrains infor-
mation on & number of other characteristics
of interest, such as the start date of the oper-
ation, the size and number of cesspools, and
the acreage of spray fields. Unfortunately,
these data were too incomplete to use in our
analyses. Future studies of environmental
justice and public health impacts of this
industry would benefit from more complete
and accurate data.

The public health implications of envi-
ronmental injustice in the North Carolina
hog industry are of special concern. Exposures
in the environment of confinement houses are
clearly related to impaired respiratory func-
tion, occupational asthma, and organic dust
syndrome {57). This is an occupational health
concern in areas with a large industry pres-
ence. In addition, environmental exposures to
airborne emissions from hog CAFOs may be
associated with respiratory effects (29,30) and
impaired mood (32,33) in neighboring popu-
lations. Groundwater from hog CAFOs has
been contaminated by nitrates in North
Carolina (34). This is a special concern con-
sidering the findings presented here, which
show that approximately half of the hog
CAFQs are located in block groups of the
state where > 85% of households depend on
well water for drinking (Table 2). The eastern
coastal plain of the state where most opera-
tions are located (Figure 1) has sandy soils
and high water wbles that facilitate the move-
ment of water pollution from cesspools and

Table 5. Adjusted prevalence ratios? of the numbers of hog CAFOs per block group for quintiles of poverty
and nonwhite population: integrators and independents.

Poverty (%} Nonwhite (%)
Nonwhite {%) Quintile Integrators independants Integrators Independents
Poverty (%) QOto<2  Zto<i0  10to 100 i 1.0t 1.0 10 1.0t
Oto<b 10°(264)F  1.4{335)  1.1{254) f 12 13 2.4 15
5t6<12 18{341) 36418  7.0{835) il 16.2 27 75 34
1210 100 1.7{186)  3.1{202) 86{1,541) ) 177 35 80 28
v 207 35 70 30

“Adjusted for population density, cubic polynomial.
MReferent group. *Number of block groups in parenth

SAdjusted for populati
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spray fields into groundwater, and older rural
homes occupied by the poor and people of
color often have shallow wells with less pro-
tection from contamination. Surface water
pollution is a concern because of the spread of
microbial contamination and the nutrient
loading of rivers and estuaries.

Community concerns about environ-

mental injustice in the distribution of hog
operations in North Carolina are real. Pre-
dominantly poor and nonwhite communi-
ties that host a disproportionate number of
hog CAFOs have a grear need for positive
economic development, environmentally
sound industry, and better schools and med-
ical care. Such community resources are
important to public health (47). However,
future prospects for these communities are
threatened by an industry that produces
highly obnoxious odors and reduces the qual-
ity of life for neighbors (29-31), which can
hamper the growth of cleaner industries,
reduce land values, and conuribute to loss of
locally owned land (9,40). Our findings
should be taken into consideration as growth,
technological change, and environmental
remediation in the industry are considered.
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Industrial hog production has grown rapidly
in North Carolina since the early 1980s.
Once characterized by relatively small inde-
pendently owned farms scattered across the
state, hog production in North Carolina is
now concentrated in the coastal plain region,
under the domain of large corporate grow-
ers, and dominated by large-scale intensive
operations {/,2). Persons who live near large
hog operations have reported reduced quali-
ty of life as well as health problems related to
airborne emissions from animal confinement
houses, open waste lagoons, and spray fields
(3-8). Airborne emissions include hydrogen
sulfide, ammonia, dusts, endotoxins, and
complex mixtures of volatile organic com-
pounds. Health effects from environmental
exposures could occur through inflammato-
ty, immunologic, irritant, neurochemical,
and psychophysiologic mechanisms (5).

In contrast to the many studies of occupa-
tional exposures of swine confinement-house
workers (9-25), only a few field studies have
investigated the health effects of lower level
environmental exposures. In 2 study of resi-
dents near hog facilities in North Carolina,
Schiffman et al. (26} reported that persons
exposed to odors from intensive hog opera-
tions experienced “more tension, more
depression, more anger, more fatigue, and
more confusion” than a group of unexposed

respifsiory condidos, vardd besdth, Fevivon

briwry 2000
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persons. A study in Jowa (7) compared phys-
ical and mental health symproms among
people residing within a 2-mile radius of a
4,000-head swine operation and 2 control
group in an area with no intensive livestock
operation. Those who lived in the vicinity of
the intensive hog operation reported higher
frequencies of 14 of 18 physical health
symptoms, especially respiratory symptoms.
The Iowa study did not find an excess of
mental health symptoms but, in contrast 10
the North Carolina study (26), it was not
designed to evaluate symptoms at the time
that odors were present.

The present study addressed a number of
issues raised by previous research. Unlike
studies of volunteers, the sample was drawn
systematically from defined populations. To
increase the levels of participation and pre-
vent exclusions based on literacy or the abili-
ty to participate in a longer study, we did not
ask participants to keep a diary or respond 1o
questions at the times that airborne emissions
from livestock operations were noticeable.
Instead, we asked questions about the num-
ber of times that participants experienced the
symptoms of interest during the previous 6
months. Because mood disturbance and
mental health effects may be acute responses
to the presence of odors, we focused on phys-
ical health and quality of life rather than on
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short-term mood changes. We achieved high
levels of participation in the study by estab-
lishing cooperative relationships with local
community based organizations in planning
and conducting the research.

This study compared health symptoms
in residents of three North Carolina com-
munities, one in the vicinity of an intensive
hog operation, one in the vicinity of two
intensive cattle operations, and a third in a
rural agricultural area where no livestock
operations used liquid waste management
systems. Although the primary motivation
for the study came from an interest in air-
borne emissions from swine operations, the
inclusion of people residing near cattle oper-
ations afforded an opportunity to examine
possible health effects from a different kind
of livestock, and also offered a second com-
parison community that may share other
features common to communities with
intensive fivestock production.

Materials and Methods

Selection of communities. The North
Carolina Division of Water Quality
(Ralcxgh NC) maintains a database on
intensive livestock operations that use liquid
waste management systerns (27). Information
on livestock operations included in the data-
base as of January 1998 was merged with
1990 U.S. Census block group data (U.S.
Census Bureau, Suitland, MD). Data for
block groups, which average approximately
500 houscholds, included information on
population size, race, and poverty levels,
Maps of the eastern part of North Carolina
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were prepared showing the locations of live-
stock operations, towns, roads, and church-
es. Community consultants experienced
with the hog industry and the health con-
cerns of community members met with uni-
versity researchers to review the maps and
choose potential study sites. Gur goal was to
choose three arcas with similar economic
and demographic characteristics where resi-
dents would be willing to participate in an
interview and where existing community
based organizations would be interested in
working with researchers. We sought live-
stock areas with 80100 households within a
2-mile radius of the livestock facility so that
we would be able to obtain approximately
50 participants in each area.

The hog and cattle study areas were
defined by a < 2-mile radius around the oper-
ations and each study area was contained
within a single census block group. The hog
operation was a feeder-to-finish facility with a
head capacity of approximately 6,000, a
steady-state live weight of approximately
800,000 pounds, and one lagoon. The cattle
community contained two neighboring dairy
operations with a combined head capacity of
approximartely 300, live weight of approxi-
mately 200,000 pounds, and two lagoons.
The area with no intensive livestock opera-
tions extended across two block groups. Parrs
of two block groups were included to ensure
that eligible houscholds were at least 2 miles
away from any livestock operation using a
liquid waste management system. The medi-
an annual family income of the census block
groups from which the study areas were cho-
sen ranged from approximately $17,000-
23,000 and the populations were between 65
and 90% African American.

All habitable dwellings in the study areas
were enumerated. The location of each
dwelling was noted on an enlarged area map
and was assigned a unique study number.
Information on street or road location and
the type of dwelling was entered into a com-
puterized database.

Questionnaire. A structured question-
naire was developed based on previous
research findings and on discussions with
community members who had experienced
exposures from intensive livestock opera-
tions. In addition to symptoms identified by
previous studies or community residents as
possibly related to airborne emissions from
livestock operations, we included symptoms
that we did not believe would be related to
airborne emissions to evaluate the possibility
that residents of exposed communities might
report excesses of all types of symproms
because of negative feelings abour intensive
livestock operations. The questionnaire was
designed to obtain informatien abour the
frequency of occurrence of each symptom
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over the 6 months preceding the interview.
Possible responses were never; rarely {once or
twice over the past 6 months); sometimes
{1-3 times per month); often {1 per week);
and very often (twice a week or more over
the past 6 months). After all of the struc-
tured questions had been asked, respondents
were asked about aspects of the environ-
ment that may have affected their own
health or the health of others in the house-
hold. Interviewers took notes to summarize
the types of responses. At the end of the
interview, participants were asked their age,
occupation, household size, source of drink-
ing water, and whether they or others in the
household smoked tobacco. The interviewers
recorded race, sex, and whether anyone
other than the participant and interviewer
were present daring the interview.
Housebold interviews. Adults 18 years of
age or older with no serious speech or men-
tal impairment who lived in the current resi-
dence for 6 months or longer were eligible to
respond to the questionnaire. The house-
holds of dairy operators who lived beside the
cattle facility were excluded to avoid the

complication of occupational exposures; the
household of the swine facility operator was
not within the 2-mile enumeration area of
the facility. Interviews were conducted on
Fridays and Saturdays in January and
February 1999 by university-based staff.

Interviewers were accompanied by a com-

munity consultant, a local resident recruited
from the membership of the commaunity
based organization. The community con-
sultant introduced the interviewer to the
prospective respondent, explained the pur-
pose and importance of the survey, and
encouraged each person to participate.
Interviewers were trained to administer the
survey instrument systematically and uni-
formly to all respondents. The participant
interview was conducted in a location of the
participant’s choosing. The questionnaire
required less than 15 min to complete. The
community consultant was not present for
the interview unless the participant specifi-
cally asked the consultant to remain,

One adult from each household was invit-
ed to participate in the survey. Preference was
given to the first person to answer the door if

Table 1. Characteristics of study households, listad by type of livestock operation.

Livestock operation

Characteristic None Cattle Hegs Total
Inhabited houses 104 118 92 312
Households ineligible? 5 2 3 10
Not home 29 44 19 92
Rescheduled or not contacted 5 14 10 29
Completed interviews 50 50 55 155
Refused 15 & 5 26
Refusal rate 23.1% 10.7% 83% 14.4%

#Not living in the house for 6 months; difficulty understanding survey guestions. *Refusal rate = completed

interviews/completed interviews + refusals.

Table 2. Characteristics of respondents.

Livestock operation, no. {%)

Characteristic None Cattls Hogs Total
Age

19-44 years 18{38) 13 (26} 23(42) 55 {36}

45-54 years 19{38} 1938} 20{38) 58 {37}

85-90 years 12{24) 18 (36} 12{22} 4227
Race/ethnicity

African American 45 (90} 48 {98} 48 {87} 142 {92)

White 5{10) 142) 8{11) 1218}

Latino 0(0} 010) 1{2) Ty
Sex

Female 3182} 33 (86} 36 {65} 100 {85}

Male 18(38) 17(34) 159 {35} 55 {35}
Smoking

Yes 14(28) 13(26) 713} 34{22)

No 3672} 37{(714) 48 (87} 121{78)
Employed outside of the home

Yes 26 (52) 15 {30} 34 (62} 751{48)

No 24{48) 34 {68} 211{38} 73{51)

Not completed 040} 1{2) 0{0) H1
Number in household

i 12(24) 8{18) 3(5) 23{15}

2 21 {42} 21{42) 20(37) 62 {40}

34 12{24) 15(30) 15{27) 4227}

5-12 5{10} 8(12) 17(31) 28{18}
Total respondents {n) 50 {100} 50 {100} 55 {100} 155 {100}
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the person was over 18 years old and lived in
the household. Those who declined to partici-
pate because the time was inconvenient were
offered alternative times and the visit was
rescheduled. If no one was at home, the infor-
mation was recorded on the tracking form.
These households were visited a second time.
Households were visited sequentially using
the enumeration map in approximate order of
distance from the intensive livestock opera-
tion until 2 minimum sample size of 50 was
reached. Informed consent was requested
verbally by the trained interviewer.

Statistical methods. Differences in symp-
toms among the three communities were
evaluated by comparing the average number
of episodes experienced over the last 6 months
for each symptom. The number of episodes
over the 6 months preceding the interview
was scored according to the instructions given
to respondents for responding to the fre-
quency of symptoms. A response of “never”

corresponded to O episodes. A response of
“occasionally” corresponded to two episodes.
“Sometimes” corresponded to 12 episodes
(2/month), “often” corresponded to 26
episodes (1/week), and “very often” corre-
sponded to 52 episodes (2/week). Adjusted
mean differences in the numbers of episodes
were calculated using linear regression to con-
trol for sex, age (19-44, 45-64, or 65-90
years), respondent’s smoking status (yes or
no), and employment outside the home (yes
or no). These variables were considered
potential confounders because they may be
associated with exposure to airborne emis-
sions and experience or reporting of symp-
toms. Because the five response categories for
the number of episodes were highly skewed,
regression models were also run with the
dependent variable coded as the square root
of the number of episodes and as 0-4.

The ratio of the B-coefficient (adjusted
mean difference in number of episodes) to

Table 3. Number and percent of respondents reporting 12 or more episodes, and mean number of

episodes.
Livestock operation
None Cattle Hogs
Symptom No.{%} Mean® No.{%? Mean® No.{%F Mean®
Totat respondents 50{1000) - 50{1800) -~ 55{100.0} -
Upper respiratory/sinus
Headache 16{32.0) 78 18(36.0) 9.4 34(61.8) 15.5
Stuffy nose/sinuses 14{28.0} 72 17 (34.0) 88 24{44.4 16.2
Runny nose 8{16.0) 38 10420.0) 54 16{29.1} 85
Burning nose/sinuses 1220 4.1 3{18.0} 34 14 {255 6.7
Sore throat 2{4.0) 0.9 6{12.0) 25 3{16.4} a7
Plugged/popping ears 10{20.0) 55 11{22.0) 5.2 11{20.0} 48
Scratchy throat 6{12.0) 22 10(20.4) 38 10{18.2 44
Lower respiratory
Mucus/phlegm 14{28.0) 59 14{28.6} 7.2 16(29.1) 85
Excessive coughing 5{10.0} 1.8 6{(12.0) 37 12{21.8) 6.3
Shortness of breath 12{24.0) 7.0 13{26.0} 6.1 11{20.09 55
Tightness in chest §(12.0) 30 9{18.0} 48 11 (200} 39
Wheezing 8{16.0} 44 7(14.0} 37 9{16.4} 38
Strange breathing sounds 10{20.0) 5.2 5{10.2} 30 §{10.9} 23
Gastrointestinal
Heartburn 10{20.4) 52 10{20.0} 8.1 17{30.9 71
Nausea/vomiting 7(14.0) 30 7(14.0) 48 15{27.3) 59
No appetite §{16.0} 28 8{16.3) 41 12{21.8) 55
Diarrhea 21{4.0} 17 4(8.2) 1.3 10{18.2} 43
Skin/eye irritation
Burning eyas 8{16.0) 38 5{10.0) 34 19{35.2} 9.4
Tearing eyss 181320 85 14{28.0) 87 20(36.4) 9.3
Dry/scaly skin 10(20.0) 44 11{22.0) 71 12{218} 71
Skin rash or imritation 4{8.0) 1.8 4{8.0} 28 8{14.6) 49
Skin redness 120 1.2 0{0.0} 0.1 4{7.3) 1.3
Miscellaneous
Joint/muscle pain 24(48.0) 16.1 26 (52.0} 172 28{50.9} 16.7
Unexplainably tired 18{38.0) 128 19(38.0} 105 23{41.8} 137
Blurred vision 15{30.0} 88 5{18.0} 54 16 {23.6} 9.7
Dizzy/faint 114{22.0) 58 10{20.0) 53 12{21.8) 4.1
Hearing problems 7{14.0} 74 5{10.0} 20 6{10.9} 27
Chest pain 10(20.0) 34 §(12.0) 16 6{10.9) 27
Fever/chills 5(10.0) 2.3 2{4.0) 1.2 5{3.3) 1.9
Fainted 0{0.0) 0.04 840.0) 0.04 1{1.9) 1.0
Quality of life
Can't open windows 7{14.3} 32 4{8.2) 18 311{57.4) 185
Can't go outside 5{10.0) 21 360 1.2 30 {55.6} 154

*Number and percentage of respondents answaring sometimes (1-3 times/month}, often {1/week}, and very often (> 2
times/week over the past § months). %Average number of spisodes per person over 6 months.
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its SE yields a #value. Larger absolute values
of ¢ indicate that the livestock variable is
more important for statistically predicring
numbers of symprom episodes. Significance
tests are not presented because exposures
were not randomized in this observational
study; however, #values > 1.66 would pro-
duce a significant one-tailed test of the
hypothesis that average numbers of symp-
toms are greater in the livestock than in the
centrol community at p < 0.05. Values
> 1.98 would produce a significant two-
tailed test at p < 0.05.

Results

Table 1 shows the numbers of households
enumerated and surveyed. Enumerated
households were within 2 miles of an inten-
sive livestock operation in the catde and hog
communities. In the control area, enumerat-
ed households were > 2 miles from an inten-
sive livestock operation in the control area.
Approximately 100 households were enumet-
ated in each area. Fifty interviews were com-
pleted in the cattle and control communities,
and 55 interviews were completed in the hog
community. The refusal rate was 23.1% in
the control community, 10.7% in the cattle
community, and 8.3% in the hog community.

Characteristics of the respondents are
shown in Table 2. The cattle community
had the largest proportion of respondents
older than 65 years of age. All three com-
munities were predominantly African
American. Approximately two-thirds of the
participants were female. The proportion of
respondents who reported smoking tobacco
was lower in the hog community than in
the other two communities, whereas the
proportion employed outside of the home
was higher. None of the study participants
reported that they worked in the livestock
industry. Household size was largest in the
hog community.

Responses to the symptom questions in
the three commanities are shown in Table 3.
The symptoms were categorized in six
groups: upper respiratory and sinus, lower
respiratory, gastrointestinal, skin and eye
irritation, miscellanecus, and quality of life.
For each community we tallied the number
of persons who answered “sometimes,”
“often,” or “very often” corresponding to
2 12 episodes during the 6-month period.
Table 3 also shows the percentage of “some-
titnes” or more often and the average num-
ber of episodes for the 6 months.

Most of the percentages in Table 3 are
< 50; the majority of participants responded
“never” or “occasionally” to most of the
symptom questions. Among the upper respi-
ratory and sinus conditions, the percentage
of respondents reporting 2 12 episodes was
the largest in the hog community except for
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plugged ears and scratchy throats. Percentages
were generally intermediate in the cattle
community. The percentage of respondents
reporting = 12 episodes was generally smaller
for lower respiratory, gastrointestinal, and
skin or eye irritation symptoms. Percentages
were the highest in the hog community for
alf four gastrointestinal symptoms. In all
three communities, more than one-third of
the participants reported experiencing joint
or muscle pain and unexplained tiredness
2 12 times. By far the biggest differences
between the communities were seen in the
quality-of-life questions. Over half of the
respondents in the hog communiry, as com-
pared to less than one-fifth in the other two
communities, reported not being able to
open windows or go outside, even in nice
weather, 2 12 times over the last 6 months.

Table 4 presents the results of the linear
regression showing differences between the
average number of episodes in each livestock
community as compared to the community
with no intensive livestock. Table 4 shows
the difference in the mean number of
episodes adjusted for sex, age, smoking, and
work outside the home; the SE of the -
coeflicient; and the #value, which is the ratio
of the B-coefficient to its SE (see “Statistical
Methods™). The adjusted mean differences
for the cattle community were generally
small, with lower mean scores (negative B-
coefficients and svalues) for many symproms
in the catde as compared to the control com-
munity. Only episodes of excessive coughing
and heartburn occurred on average > 2 times
more in the catdde than in the control com-
manity (§ > 2), and the svalues for these
differences were only approximarely 1.0. All
of the symptoms in the miscellaneous catego-
ry appeared less frequently in the catde than
in the control community. Hearing problems
showed the largest difference in adjusted
mean episodes, although this is based on a
small number of people in the higher care-
gories (Table 3).

In contrast, there were many mean dif-
ferences of more than two episodes for the
hog as compared to the control community.
The average number of episodes was the
most consistently elevated for upper respira-
tory and sinus conditions, gastrointestinal
conditions, and skin or eye irritation. #
Values for headache, runny nose, sore throat,
excessive coughing, diarrhea, and burning
eyes showed that residence in the hog com-
munity was an important predictor of these
physical health symptoms. In contrast, none
of the miscellaneous symptoms showed
important excesses in the hog community.

Responses to the quality-of-life questions
were very different in the control and catde
communities as compared to the hog com-
munity. The adjusted number of episodes
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during which participants could not open
windows or go outside even in nice weather
differed little for the cattle and control com-
munities, whereas excesses of approximately
13-15 episodes were seen in the hog as com-
pared to the control communities. #Values
for these B-coeflicients were large.

To evaluate the sensitivity of the regres-
sion results to the coding of the dependent
variable, the models shown in Table 4 were
rerun using values of the square root of the
number of episodes and as §, 1, 2, 3, and 4.
#Values for differences between the hog
community and the control communiry
were larger in these models. The #value for
nausea/vomiting was 1.61 with the original
metric, 2.68 using the square root of the
number of episodes, and 2.88 with a coding
of 0—4. To consider whether elevated gas-
trointestinal symptoms in the hog commu-
nity might be related to well contamination,
the models shown in Table 4 were rerun for
the four gastrointestinal symproms including

a variable for well versus municipal water
supply. The coeflicients for well water were
small and had licdle influence on the esti-
mates of differences berween livestock and
control communities.

Responses to open-ended questions about
how the environment around the home
affected the life or health of the respondent or
members of her household are shown in
Tables 5 and 6. Responses that were given by
two or more persons in the study are shown.
Most participants from the control and cattle
communities had livtle to report in response
to these open-ended questions, although eight
participants in the cattle community men-
tioned livestock odor. In contrast, livestock
odor was noted as a problem for many resi-
dents of the hog community and for mem-
bets of the residents” households.

Discussion

To our knowledge this is the first population-
based study of physical health symptoms and

Table 4. Linear regression results: average number of episodes in two livestock communities as compared

{0 a community with no intensive livestock.

Livestock operation
Cattle Hogs
Symptom e SE? +Value g2 SEE  tValue
Upper respiratory/sinus
Headache 1.57 302 052 7862 2.94 2.60
Stuffy nose/sinuses 1.33 286 047 297 27¢ 1.06
Runny nose 1.26 244 0.52 518 237 218
Burning nose/sinuses 042 238 -0.19 198 213 0.93
Sore throat 1.7 152 1.12 364 1.48 245
Plugged/popping ears 107 228 0.47 0.73 222 -0.38
Scratchy throat 163 1.49 109 208 1.45 1.44
Lower respiratory
Mucus/phlegm 0.56 265 0.21 N 251 1.52
Excessive coughing 215 2.08 1.04 474 201 2.38
Shortness of breath -1.62 266 -0.61 .74 2.59 0.29
Tightness in chest 145 2.08 0.70 137 202 0.68
Wheezing -0.63 2.05 0.3 -0.50 199 -0.25
Strange breathing sounds -2.31 218 -1.07 -2.57 2.08 -1.23
Gastrointestinal
Heartburn 235 2.86 0.82 1.94 278 0.70
Nausea/vomiting 1.15 220 852 3.46 215 161
No appetite 892 202 048 3.03 1.96 1.55
Diarrhea 082 1.44 Q.64 2.98 1.39 213
Skin/eye iritation
Burning eyes -1.39 247 -0.56 558 242 231
Tearing eyes 170 324 -0.52 0.64 316 0.20
Dry/scaly skin 1.85 281 (.66 267 274 0.98
Skin rash or irritation 054 1.72 0.3t 2.28 1.67 1.36
Skin redness -1.25 1.01 -1.23 812 0.9 .12
Miscellaneous
Joint/muscle pain .22 403 -0.08 1.22 382 0.3
Unexplainably tired -343 378 -0.91 0.76 368 0.21
Blurred vision 487 314 -1.48 1.25 307 0.41
Dizzy/ftaim -1.22 217 -0.56 -1.32 211 -0.63
Hearing problems -6.44 2.50 257 -3.58 244 -147
Chest pain -2.30 1.32 -1.74 0.35 1.29 -0.27
Fever/chills -1.32 1.04 -1.27 -0.39 1.02 -0.38
Fainted -0.18 0.86 0.20 1.02 0.84 1.21
Quality of life
Can’t open windows -1.33 288 -0.46 14.74 280 5.26
Can't go outside 0.7 2.38 033 1273 232 547

“Difference in the average number of episodes between communities with and without livestock operations, adjusted for
sex, age, smoking, and work outside of the home. #0f the B-coefficient.
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quality of life among community residents in
North Carolina that focused on the possible
health effects of airborne emissions from
intensive livestock operations. The study
sample was drawn from areas of the state
with a majority of African American residents
who have low median income. This was not
unexpected because intensive hog operations
in North Carolina are located dispropor-
tionately in poor and nonwhite areas (27).
Despite the legacy of distrust of biomedical
research in the African American community
(28), refusal rates were low because of the
participation of community based organiza-
tions in introducing researchers to partici-
pants. The preponderance of women in the
study reflects, in part, who was at home and
who answered the door when approached by
the community consultant and interviewer.

A number of symptoms previously
reported as elevared among persons occupa-
tionally exposed in swine confinement houses
were elevated among the residents of the hog
community as compared to the community
with no livestock operations. In particular,
headache, runny nose, sore throat, excessive
coughing, diarthea, and burning eyes were
reported more frequently in the hog commu-
nity. Members of the cattle community did
not report similar elevations, nor did they
report reduced quality of life. The quality of
life measures (not opening of windows and
not going outside even in nice weather)
showed a large excess in the hog community.

As in all studies, measurement problems
and differences between the communities
other than the exposure of interest could
have influenced the results. Recall bias is an
issue in any survey. We were particularly
concerned that residents living in proximity
to a hog operation might report a greater
number of symptoms because of negative

Table 5. Problems that affect respondents’ own
life or health.?

feelings about the effect of the operation on
their lives and their community. Therefore,
we were careful to present the study as a rural
health survey, not as a livestock and health
study, and we did not include any questions
in the survey that referred to hogs, livestock,
or odors. During debriefings after the field
work, interviewers reported that some respon-
dents did not understand that questions
about the environment referred to problems
including odor. Such misunderstandings
would have led to an underestimate of the
impact of livestock operations on health and
quality of life.

It is possible that residents of the hog
community could have reported more symp-
toms because of their feelings about the nega-
tive impact of the hog operation on their
community. However, if this had occurred,
we would have expected excess reports for
most symptoms. In fact, the eight symptoms
in the miscellaneous category, none of which
were expected to be related to exposure to
airborne emissions, occurred with about the
same frequency in the hog and control com-
munities {Table 4). This suggests that there
was not a tendency for over-reporting among
residents of the hog community. Negative
feelings mighr also have been evident in the
open-ended questions, when respondents had
the opportunity to report concerns beyond
the environmental health and quality-of-life
issues addressed in the structured question-
naire. As shown in Table 6, two persons in
the hog community expressed concerns
about property values.

Other circumstances of the survey may
have led to an underestimare of the impact of
swine operations on health of area residents.
Perhaps most important, we studied an area
with only one intensive hog operation. We
would have expected to see larger effects in

Table 6. Problems that affect family members’ life
or health.?

Livestock operation Livestock operation

Problem None Cattle Hogs Problem None (Cattle Hogs
Livestock odor g 8 25 Livestock odor g 0 18
Livestack odor {limits 6 ¢ 14 Livestock odor {limits

adult recreation} child recreation) ¢ 0 10
Livestock odor (respiratory 0 ] 8 Livestock odor {limits

symptoms} adult recrection) 0 1 4
Livestock odor {can't g 0 4 Livestack odor {try not to

open windows} breathe) 0 0 4
Livastock effluent 0 0 4 Livastock odor

{contaminated well) R(respuratory symptoms) 0 0 4
Livestock odor {try not to 0 i) 3 Cespira'tory ailments 3 0 3

breathe) omplaints of skin .
tivestock odor {nausea) 0 0 3 Ui\’g:f;é}? esfflu ent ! z
Livgstock o;_)eration 0 g8 3 {contaminated welf) 0 0 2

{flies and insects) Livestock odor
Grop SP’a{m {dust 1 0 2 {decreases property value} 0 2

of noisg

*Respondents were asked, “Has the environment around
your house affected your life and heaith?”

SRespondents were asked, "Has the environment around
your house affected the life or health of other members
of your household?”
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areas of the state with larger and more numer-
ous operations and consequently heavier air-
borne emissions. Differences between the
livestock and control communities may also
have been reduced because of exposures to
agricultural chemicals and dusts from row
cropping in the control community.

Levels of emissions and weather condi-
tions at the time interviewers were in the
field may also have influenced the findings.
With one exception, interviewers did not
notice an odor from the hog operation while
conducting the interviews. If interviews had
been conducted when odors were strong,
respondents may have reported a greater
frequency of health symptoms.

The lack of environmental exposure
monitoring data is also a concern in this
study. We assumed that if persons resided
within 2 miles of the hog operations, they
were exposed to the emissions. We were not
able to distinguish higher or lower exposure
levels within the commanity. Exposure dif-
ferences could occur because of differences in
distance, direction, elevation, physical barri-
ers, the amount of time spent at home, the
amount of time spent outdoors, and the avail-
ability of air conditioning and filrers in the
home. Quantitative evaluation of exposure
differences between individuals would increase
the ability of an epidemiologic study to iden-
tify health effects of airborne emissions.

Similarly, clinical or biologic measures of
outcome would strengthen information
about relationships between environmental
exposures to emissions from livestock opera-
tions and health. Future studies could be
designed to obtain information on respiraro-
ry and immune function and standardized
clinical evaluation of physical and mental
health conditions. Such studies could evalu-
ate possible mechanisms linking environ-
mental exposures and health.

This study was not able to evaluate spe-
cific populations that may be more susceptible
to health impacts of environmental expo-
sures. These groups include children, asth-
matics, and older persons with compromised
pulmonary or cardiovascular function.
Future studies should evaluate whether these
subgroups are more sensitive to airborne
emissions from intensive livestock operations.
We were also unable to evaluate the acute
impact of odors on mental health or the
long-term impacts of reduced quality of life
on mental, physical, or community health,

This study supports previous research
suggesting that community members experi-
ence health problems due to airborne emis-
sions from intensive swine operations (7). In
North Carolina there are approximarely
2,500 intensive hog operations, and they are
located disproportionately in areas thar are
poor and nonwhite {27). The public health
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and environmental injustice implications of
this geographical pattern extend beyond the
physiologic impact of airborne emissions to
issues of well-water contamination {29} and
the negative impact of noxious odors (8) on
community economic development (30,31).
Populations in these areas may be at greater
risk of health impacts due to high disease
rates (32,33), low income (27), and poor
housing conditions. Future research could
provide a better understanding of the health
effects of intensive livestock operations by
combining individual exposure assessment,
physiologic measures, clinical evaluation of
physical and mental health, and follow-up of
exposed communities.
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ORIGINAL ARTICLE
Hydrogen sulfide concentrations at three middle schools near

industnrial hvestock facilities

Virginia T. Guidry', Alan C. Kinlaw', Jill Johnston?, Devon Hall® and Steve Wing'

Safe school environments are essential for healthy development, vel some schools are near large scale livestock facilities that emit alr
pollution. Hydrogen sulfide (H,5) from decomposing manure is an indicator of livestock-related alr pollution. We measured vutdoor
concentrations of H,S at three public middle schools near livestock facilities in North Camling. We used circular graphs 1o relate H.S
detection and wind direction 1o geospatial distributions of nearby livestock bams We also used logistic and linear regression 1o
model H.5 in relation 1o upwind, distance-weighted livestock barm area. Gircular graphs suggested an association between upwing
livestock barns and H.5 detection. The log-odds of HL5 detection per 1000 m? increased with upwind weighted swine bam area
{School A: Beoefficient (8) =043, SE =006, School B: 5064 SE =0.24) and upwind welghted poultry barn area (Gchool A 82005,
SE =001}, with stronger associations during periods of atmospheric stability than atmospheric instability (School A stable; 52069,
SE=0.11: 5chool A unstable: =032 SE =009} H.S concentration alse increased linearly with upwind swine barn area, with greater
increases during stable atmospheric conditions (stable: £=0.16 parts per billion (ppb), 5E=001 unstable: =005ppb, SE=001).
Off site migration of pollutants from industrial ivestock operations can decrease air quality at nearby schools.

Journal of Exposure Science and Environmental Epidemiology advance online publication, 20 April 2016, doi10.1038/je5.2016.7

Keywords: air pollution; animal feeding operations; children’s health: hydrogen sulfide; livestock

INTRODUCTION

A healthy school environment is important for both proper
physiologic development and maximal educational performance.
Children spend many hours each week at schools where
pollutants can impact their health.'? Schools in low-income
communities of color are especially vulnerable to poliutants and
there is a lack of federal policies in the United States to protect
schools.'” Good air quality is a key determinant of heaithy school
environments.

One source of air pollution in rural North Carclina (NC) is
industrial livestock production facilities. Over the past several
decades, the majority of livestock agriculture in NC and across
the United States has shifted from small farms with relatively
few livestock and complementary crop production to industrialized
facilities with large barns housing thousands of animals in
confinement. In NC, 998% of swine are produced at facilities
selling at least 2000 swine annually, and 99.6% of broilers {meat
chickens) are produced at facilities selling at least 30,000 broilers or
more anmxalﬁy.4 Such fadilities are concentrated in Eastern NC, an
area that includes the 10 most swine-dense counties in the United
States.”

Although numerous studies indicate that children who grow up
on farms have a lower incidence of allergy and asthma-related
symptoms,®” other studies have found detrimental effects from
exposures related to industrial livestock production. Excess
asthma-related outcomes have been associated with home
exposures to swine facilities, especially among children growing
up on swine farms that add antibiotics to feed for growth

promotion.? in addition, children whose residences are frequently
downwind of industrial swine facilities have increased prevalence
of physician-diagnosed asthma and self-reported wheeze medica-
tion usage compared with children with lower relative swine
facility exposures.” Several cross-sectional studies have reported
excess asthma or asthma symptoms among children who attend
schools near industrial swine facdlities.”®"" In NC, there are higher
proportions of low-income children and children of color at
schools near industrial swine facilities than at more distant
schools.™?

Livestock facilities produce a mixture of hammful poliutants,
including hydrogen sulfide {H,S), respirable particulate matter, and
ammonia. H;S is an odorous gas generated by anaerobic
decomposition of manure'™'* and can serve as a marker for this
mixture. Ammonia, another odorant compound, is released from
urinary urea and fecal urease erzymes in animal waste.'* In
addition, hundreds of volatile organic compounds (V0Cs) con-
tribute to characteristic malodors associated with concentrated
animal feeding operations (CAFOs).”® Particulate matter < 10 um
in asrodynamic diameter (PM,g) is generated directly from animal
fead, fecal matter, dander, endotoxins, bacteria, and molds, as well
as indirectly from gaseous emissions. Amimonia can react with
acidic atmospheric species and form fine particulates.”* ™% The
ventilation of barns, the storage of animal waste, and the spraying
or spreading of waste on fields release these particles and gases
into the air.

To further investigate school exposures, a team of researchers
from the University of North Carolina at Chapel Hill (UNC) and
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rmembers of the Rural Empowerment Association for Community
Help {REACH) collaboratively developed the Rural Air Pollutants
and Children's Health (RAPCH} study. We aimed to measure
industrial livestock-related air guality at schools in rural eastern NC
and potential associations with acute student health cutcomes,
while also providing educational benefits to students and their
communities.'® Here, we summarize the measured pollutant
concentrations at school sites and quantify their relationships
with the geospatial distributions of nearby industrial animal
confinements and concurrent meteorological conditions.

MATERIALS AND METHODS

School Recruitment

In 2008, REACH staff contacted local school administrators and recruited
four schools to participate in a pilot study to detarmine whether we could
measure livestock-related pollutants onsite. In 2009, two schools from the
pilot study plus a third school recruited by REACH were invited to
participate in a longer exposure assessment study. After administrators
approved participation, represantatives from both REACH and UNC met
with school staff to review study protocols and discuss logistics such as
data collection schedules and placement of air quality monitors. The UNC
institutional review board (IRB) annually reviewed and approved study
activities.

Air Pollutant and Meteorological Data

We monitored H,S and PM,, duwring three time periods in 2009 21
February to 20 March, 28 March to & May, and 6 September to 25
November. Fach sampling period lasted at least 4 weeks and consisted of
measurements at a single school. We placed a set of active air monitors
outside the school buildings at a site recommended by school steff.
Instruments were stored in large cases with intake tubing for protection
from tampering and weather.

We used MDA Scientific Single Point Monitors (SPMs) (Honeywell
Analytics, Lincolnshire, IL, USA) to measure 15-min concentrations of Hy5
in parts per billion {pphb.) at all three schools. The SPM had a limit of
guantification (LOQ) of 1.0 pp.b. determined via laboratory tests by UNC
researchers (M Boundy, personal communication). At School A, we also
deployed a more sensitive Thermo Hydrogen Sulfide—Sulfur Dioxide
Analyzer (Thermo Fisher Scientific, Waltham, MA, USA) to measure H,S
alongside the SPM. The Thermo had recently become available for use and
had an LOG of 0.5 pp.b. for 5-min concentrations, similar to the minimum
reported odor threshold of 0.5 pob.'® For both H.5 monitors, we retained
alt detected values that were recorded, incdluding those below the LOQ. We
replaced non-detected values for the SPM with LOQ/V/ 2797 For example,
in 1h with 15-min concentration readings of non-detect, 0.58, 1.85, and
3.52 ppb. from the SPM, we would have reported an hourly average H,S
concentration of ((1/\/2)-%058«%1 85+3.52)/4 =166 pp.b. We also performed
sensitivity analyses for SPM results in which all non-detected values were (1)
replaced with 0, (2) replaced with LOQ/2, and (3} replaced with the LOQ.

We also used DustTrak Aerosol Monitors (TS5, Shoreview, MN, USA)
measure PM,o concentrations as low as 1ygfm3 every 5 min., Observed
measurements were divided by 241 to account for the difference in light
scatier between Arizona road dust, to which the DustTrak is calibrated, and
particulates in rural eastern NC {J Tarman, unpublished results). REACH staff
membars checked instrument function almost daily and notified UNC staff
of malfunctions for prompt resolution, Every week we downloaded data and
performed quality control procedures, induding using a high and low
standard to verify the performance of the optical system. H;S instruments
ware calibrated using varied H,S permeation tubes with a range of
concentrations (1.59, 3.28, 4.29, 6.19, 11.13, 54.2, and 75 ppb) before
deployment.

We obtained meteorological data for weather stations nearest to the
schools from the online NC Uimate Retriaval and Observations Network of
the Southeast (CRONOS) database operated by the NC State Climate Office
and NC State University. We used hourly data from two NC Environment
and Climate Observing Network (ECONet) weather stations, assigning tha
closest weather station to sach school {13.7-17.4 km away). We down-
loaded solar radiation, wind speed, and wind direction data. We used solar
radiation and wind speed to generate hourly Pasquill-Gifford atmospheric
stability categories ranging from A to F using the Solar radiation/delta-T
{SRET) method > During the day—defined as tims when solar radiation
was >0 W/m —dassification of atmospheric stability was based on solar
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radiation and wind speed {in m/s). During the night—defined as time
when solar radiation was equal to 0W/m?—atmospheric stability
classification was based solely on wind speed because data on vartical
temperature gradient wera not available. Using these measurements, we
then collapsed categories to generate a binary atmospheric stability
variable for every hour with categories A-C as “unstable” and categories
D-F as “stable” We then created hourly records by merging pollutant
concentrations, mateorological variables, and atmospheric stability dass by
date and hour.

Geospatial Data on Livestock Barn and Waste Lagoon Locations

There are no publidy available data with geospatial information for all
livestock operations in NC. Therefore, we used high-resolution digital
aerial imagery data (henceforth, orthoimagery)™ to generate an original
database containing information on the location and size of livestodk barns
and swine waste lagoons near the participating schools. We obtained
complete orthoimagery for eastern NC through the NC OneMap Geospatial
Portal,™ a publidy available online source for geographic information
systems {GIS) data. We downloaded tiled raster data (GeoTIFF format, 6-
inch ground resolution} published online in December 2010 by the
Geospatial and Technology Management Office in the NC Department of
Crime Control and Public Safety;?® no accurate orthoimagery for our study
area was avallable before 2010. All data were referenced to the NC State
Plane Coordinate System, NADS3, North American Datum, readjusted to
the National Spatial Reference System of 2007. To integrate the NC
OneMap orthoimageary with data for geccoded schools and weather
stations, we created a file geodatabase in ArcGIS softwars, version 10.1,
Service Pack 1 for Desktop.”” We made a mosaic data set from the tiled
raster data, compressed it using the LZ77 lossless method,?’ and used the
closest equivalent spatial reference available in ArcGIS to overlay all data.

After establishing the geodatabase, we defined three distinct study
areas by demarcating a dircle with radius of 5 km around each school’s
geocoded central point; this 5-an radius corresponds to the documented
distance H:S can travel from large swine facilities®® as well as the proximity
of industrial livestock facilities in previous studies that documented excess
asthma-related symptoms.®'® Within each school’s surrounding 79-km?
circle, we visually inspected orthoimagery in ArcGlIS {at scale 1:15,000) to
identify swine and poultry barms and swine waste lagoons.

We identified livestodc barns based on their unique shapes and sizes, and
by the presence of adjacent fesed towers; we were careful not 1o indude
greenhouses, hoop houses, or storage sheds. We assumed any livestock
barns without a nearby waste lagoon were poultry bams that typically use a
dry waste system® To convert the imagery to data on the size and location
of sach livestock barn, we manually added a polygon feature to the
geodatabase (at scales ranging 1:200-1:800) over the boundary of each barn.

We identified swine waste lagoons based on their color, shape, siza, and
proximity to swine barns. Although farm ponds are common at swine
facilities, their varied shapes and locations are easily distinguished from the
standard border types for swine waste lagoons near barns. We used state
permit data from NC Departmeant of Environment and Natural Resources
Division of Water Quality to ensure that we did not misclassify any poultry
layer operations-—which also produce liquid waste-—as swine facilities. Just
as we did for livestock barns, at scales ranging 1:200-1:2500, we encoded a
polygon feature over the boundary of each swine waste lagoon. Using the
polygons to reprasent barns and lagoons, we calculated the area of gach
barn and lagoon, as well as the location of the feature's centroid relative to
its corresponding school.

Data Analysis
Lacking accurate data on the number and weight of animals at each fadlity
during the study period, we used barn area, which typically reflect a
standard density of animals, as a proxy for the intensity of pollution-
generating activities. We usad hourly measurements of meteorological
conditions and time-fixed geospatial data on livestock barn locations 1o
compute houdy values for inverse distance-weighted livestock barn area
located upwind of each school. Our computations were based on a
previously published method for generating an exposure index.”

within the drcle around each school defined by a 5-km radius, we
measured the area of each barn, 4, in m” and the distance, d, between the
barn centroid and the school centroid in m. We computed the weighted
area for each bam by multiplying its area by the inverse of distance-
squared {1/d"), assuming nor-linear distance decay."8 For each hour of the
day, using compass directions in degrees (°} to characterize the average

© 2016 MNature America, Inc.
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wind direction and barn locations, we defined upwind bamns as those
having a centroid within 15° of the average wind direction. Thus, for each
school we computed hourly values for the sum of distance-weaighted
upwind barn area, £{f), separately for swine and poultry barns as follows,

n
Eny = Hwlh—15<q<wih) + 15

f=1 Y

where n is the number of barns around the school, 4 is the area of barn J,
and d is the distance between the centroid of bam / and the school
centroid. A bam centroid, ¢, has to fall within 15° of the hourdy wind
direction at hour h, wih), to contribute to the sum of distance-weighted
upwind barn area. Therefore, flwlh)-15 < ¢; < wih)+ 15} retums a value of 1
if wih) is within 15° of ¢, else 0. To conceptualize this degrea-based
criterion using distance, the required proximity {in km of arc length) of a
barn to the hourly wind direction is given by 15/360 x Zrrd; for example, a
barn d=3.6km from a school must be < 094 ki from the hourdy wind
direction to contribute a detected value to that school’s £lf) measure in
that hour.

For the circular graphs, we plotted the locations of swine and poultry
barns within 5 km of each school, as described above, using ArcGIS

Table 1. School exposure characteristics and student enrolliment.

Characteristic School A School B School C

Total number within 5 km

Swine barns 95 68 68
Swine lagoons 28 31 28
Poultry bams 70 31 43
Total area within 5 ke {1000 m™)
Swine barns 60.6 60.3 58.6
Swine lagoons 150.4 163.1 140.8
Poultry bams 130.5 70.3 67.5
Distance from schools (k)
Swine barns
Minimum 0.9 1.0 2.3
25th percentile 2.3 3.0 33
Median 2.7 35 4.1
75th percentile 43 4.6 44
Maximum 50 5.0 48
Swine lagoons
Mintmum 4.9 09 22
25th percentile 2.3 2.4 34
Median 30 3.2 43
75th percentile 4.4 4.6 46
Maximum 5.0 49 45
Poultry barns
Minimum .5 1.0 18
25th percentile 2.8 34 39
Median 35 4.6 4.2
75th percentile 4.2 47 44
Maximum 49 4.8 43
Days of data collection 69 35 28
Hours of data collection 1588 798 648
Student enroliment for 2009-2010 428 493 223
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software.” For clarity of display, we clustered barns together when located
within 76.2 m (250 fi} of one another and represented the summed arsa of
clustared barns with proportionately sized symbols. We categorized hourly
average wind direction into 72 overlapping 30° categories, with the center
of each subsequent category increasing 5° for example, centered on 0°
and ranging 345-15° centered on 5° and ranging 350-20°, and 50 on. We
than generated figures showing the wind rose for each schools date
collection period. These show the relative frequency of average hourly
wind directions and atmospheric stability for each direction, using 12
categories for wind direction for darity of display. We generated a third
serigs of figures showing the proportion of hourly records with H,S = LOQ,
using 72 categories for wind direction. The wind rose and circular plots
were generated using R software (R Foundation for Statistical Computing,
Vienna, Austria) with the following packages: plotrix®® and openair.”’

We used logistic and linear regression models to compare upwind
weighted barn area {independent variable) with measured H,S concentra-
tions {dependent variable). Dependent variables in logistic regrassion
models wers detection versus non-detection of H,S detection versus non-
detection {Le, SPM: = 10 p.pb. versus < 1.0 ppb.; Thermo: = 05 ppb.
versus < 0.5 p.p.b.) in relation to upwind weighted barn area (per 1000 m?
increase in barn area); these models were fit separately for swine and
poultry barns.

For Schoot A, where the Thermo instrument provided more sensitive H,5
detection, we also used linear regression to model changes in HyS
concentration {p.p.b.) in relation to upwind weighted barn area {per
1000 m® increase in barn area). For analysis at School A, we also ran
separate models under each dassification of atmospheric stability (ie.
stable and unstable), fit separately for swine and poultry bams. We used
SAS software Version 9.3 (SAS Institute, Cary, NC, USA) to run regrassion
models.

Because our study involved neither random sampling nor random
allocation, results may be due to the factors under investigation,
unmeasured factors, or measurement error, but not chance. Therefore,
we do not report Pvalues or confidence intervals > For logistic models,
we report fB-coefficients and SE; 95% confidence intervals can be
calculated by adding and subtracting 1.96 x SE from B. We also report y°
test statistics with 1 degree of freedom (d£). Higher ¥* values indicate
graater improvement in model it upon addition of the variable for
upwind weighted barn area; in a randomized study with 1 df, ¥* valuss
> 3.84 would indicate a two-tailed P < 0.05. For linear regression models
wae report f3, SE, and tvalues {i.e, 8/SE) as indicators of improved model fit.
With large sample sizes, as in this study using hourly measurements,
tvalues >126 would approximate a two-tailed P< 005 in a
randomized study.

Code availability. SAS code for computing distance-weighted upwind
bam area and conducting regression analyses can be obtained by
contacting the corresponding author.

RESULTS

School A had both the greatest number of livestock barns nearby
and the closest barns (Table 1). Despite differences in total
numbers, the cumulative swine barn area was similar across
schools because individual swine barns arcund School A were
smaller than around other schools {median: School A=636 m%
School B=822m% School C=774m?). The ratio of total swine
lagoon area to barn area was consistent across schools (range:
2.4-2.7) The larger total area of the poultry barns reflects their

Table 2. Frequency of hydrogen sulfide (H,;5) detection and mean hourly concentrations (p.pb.).

Nurnber (%) of
hours with H,S = 10G°

School {instrument} Number of hourly

records (N =3034)

Mean (SF)
concentration for hours
with H,5 = LOQ (p.p.bP

Number (%) of
hours with detected H,5

Mears (SF)
concentration for hours
with H.S >0 (p.p.bIP

School A {Thermao) 1325 764 (57.7) 0.79 (0.02) 1325 {(100.0) Q.53 {0.02)
School A {SPM) 1546 94 (6.1} 1.35 (011} 533 (34.5) .81 {0.02)
School B (SPM) 797 5 {0.6) 1.12 (0.28) 67 {8.4) 0.71 {0.02)
School C {(SPM) 547 25 (3.9) 1.26 (011 204 (31.5) 0.78 {0.02)

PLOQ for Thermo was 0.5 p.p.o.; LOQ for SPM was 1.0 p.p.b. PMean of ohserved detected measurernents and, for the SPM, replacerment of zeros with LOQ/\/Z.
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larger size per bam in comparison with standard swine barns
{median: School A=2022m% School B=2528m% School
C=1383 m?. The longest data collection period was at School A

For most records, 15-min H,S concentrations measured with the
SPM were below the LOQ. Therefore, we present the number and
percentage of hours with detected H,5, followad by the mean
concentrations only among these hours {Table 2). However, using
the more sensitive Thermo at School A, 58% of hours had
measured concentrations above the LOQ, and 100% of hours had
mean concentrations >0 p.p.b. Schools” hourly mean concentra-
tions were more similar when detected values below the LOQ
were retained and non-detected values were replaced by LOQ/
4/2. SPM results were similar regardless of the method used o
replace values below the LOQ.

Mean hourly PM,y concentrations ranged from 9.47 ug/m’
{SE=0.18) at School B to 12.74pg/m3 {SE=0.24) at School
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and based on the 95th percentile the greatest houwrly concentra-
tion was 29.15 ug/m? at School A. Hourly PMy values were low, on
average, and we observed little association with upwind livestock
barn area in circular plots and regrassion models (data not shown).

Figure 1 shows data for School A regarding the geographic
distribution of surrounding swine and poultry barns {(Figure 1a),
the wind rose demonstrating atmospheric stability measurements
during data collection (Figure 1b}, and the proportion of
measurements with detected H,S by direction based on the
SPM {Figure 1c¢) and Thermo (Figure 1d) instruments. Swine and
poultry barns were frequently collocated around School A, with
most barns located to the southwest, south, and southeast of the
school (Figure 1a). During the study period, the wind infrequently
carne from the directions with the greatest concentration of
livestock barns {Figure 1b). Although there were relatively fewer
livestock barns within 5 km northeast of the school, the wind most

NwW NE

} 52 83 w4
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g
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School A. (a) Livestock barns within 5 km, (b} wind rose and atmospheric stability by wind direction during data collection, ()

hydrogen sulfide detection { 21.0 p.pb., SPM instrument) by wind direction, and (d) hydrogen sulfide detection (0.5 ppb, Thenmo

instrument) by wind direction.
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hydrogen sulfide detection (1.0 p.p.b., SPM instrument) by wind direction.

frequently came from that direction, sometimes with wind speeds
> 16 kev/h {10 miph) {Figure 1b) that could fadilitate the transport
of pollutants and  increase the occurrence of  detected
concentrations.>® We observed a high proportion of records with
detected H,S = LOG when the wind was from the scuthwest,
south, and southeast {often in excess of 0.70, based on Thermo
measurements). The proportion of hours with detected H,5
= LOG was lower for the SPM instrument {(Figure 1¢) than the
Thermo {Figure 1d). Using the Thermo instrument, we also
observed a high proportion of records with detected H,5 = LOQ
when the wind was coming from the northeast (Figure 1d).

For School B, most nearby swing barns were located in the
northeast quadrant, several poultry barns were in the southsast,

© 2016 Nature America, Inc

and few livestock barns were in close proximity to the school
{Figure 2a). During data collection the wind mostly originated
from the southwest {Figure 2b), an area with few livestock
barns within 5 km {Figure 2a). Using the SPM, the proportion
of measurements with detected H,S > L0OQ was very low
{Figure 2c), measured during the infrequent hours when wind
originated from the northeastern and sastern directions.

For School G there were livestock barns toward both north and
south, but none were less than 2 km from the school (Figure 3a).
Wind direction was more evenly distributed for School C than for
the other schools {Figure 3b). We observed lower proportions of
SPM measurements with detected H;S = 1.0ppb. by wind
direction at School ¢ compared with 3PM measurements at
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Table 3. Change in log odds of hydrogen sulfide (H,5) detection per
1000 m® increase in upwind weightad livestock barn area at each
school,

School (instrument} Swine Poultry

8 SE X df) B SE X (1 dF)
School A (Thermao) 043 006 4600 0.05 0.01 24.84
Schoot A (SPM) 0.43 005 66.82 .07 0.01 61,10

School B (5PM)
School € (5PM)

064 024 696 194 333 0.34
-84 069 188 -027 036 a.57

School A, and we did not see a consistent pattern between
detected H,S and upwind barn locations {Figure 3c).

in Table 3, we present the results of separate logistic models for
swine and pouliry barns that quantify relationships between H,5S
detection (= LOQ) and upwind weighted barn area. At School A,
which had the longest data collection and the most sensitive H,S
instrument, the log-odds of H,S detection increased by 043
(SE=0.06) with each additional 1000 m?® of upwind weighted
swine barn area, and 0.05 (SE=0.01) for each additional 1000 m?®
of upwind weighted poultry barn area. The large x* values (1 d.f)
for these coefficients are indicative of the substantial contribution
of upwind weighted livestock barn area to prediction of H,S
detection. The log-odds for upwind weighted swine barn area
increased by 0.64 (5E =0.24) at School B; upwind weighted poultry
barn area was negatively associated with H,5 detection, but this
refation was imprecise. Relationships for School C were negative
but imprecise for both upwind swine and poultry area. We
repeated these analyses including observed concentrations b@low
the LOQ and replacing SPM 15-min non-detects with LOQ/
B-coefficients and SEs were within 0.01.

We also assessed relationships between upwind weightad barn
arga and H,5 concentrations across strata of atmospheric stability
at School A, the only school with sufficient data for this analysis
{Table 4). For swine barns, we observed a greater increase in log-
odds of HyS detection during stable conditions (8=0.69, SE=0.11)
compared with unstable conditions (=032, SE=0.09). Using
linear regression to model H,S concentration at School A, we
found that an increase of 1000 m? of upwind weighted swine barmn
area was associated with an additional 0.16 p.p.b. of additional H,5
{SE=0.01) during stable conditions; during unstable conditions,
we observed an attenuated (8=0.05p.pb, SE=0.01) positive
association between upwind weighted swine barn area and HaS p.
pl. We observed similar patterns with upwind poultry barns,
although the f-coeffidents for increases in log-odds of H.S
detection and H,5 concentration were considerably smaller.

DISCUSSION

Ambient air poliution at schools is a particular concemn for children
because of their developmental susceptibility to pollutants and
high breathing rates compared with adults.®® Furthermore, during
the academic year, children spend a substantial proportion of their
waking hours at school. The concentration of livestock production
since the mid-1900s has brought industrial air pollution problems,
formerly the province of urban areas, to rural farming commu-
nities including public schools attended by a majority of children.

H,S is one of many chernical compounds released by industrial
fivestock facilities. It is also emitted by other industrial facilities
including petrochemical refineries, paper mills, wastewater
treatment plants, and landfills;® however, it is not a ubiguitous
regional pollutant. There are no other point sources of hydrogen
sulfide within the 5-km radii around each school; the closest
potential source is a wastewater treatment plant 10.1 km from one

Journal of Exposure Science and Environmeantal Epidemiology (2016), 1-8

Table 4. Change in log odds of hydrogen sulfide (H,5) detection
{using logistic regression] and change in H,5 concantration {(using
linear regression) per 1000 m” increase in upwind weighted livestock
barn area at School A, stratified by atmospheric stability dassification.

Swine Poultry
Detection {=05ppb) B SE X {1df} B SE X {1df)
All stability categories 0.43 0.06 4600 005 001 24.84
Stable 0.69 0.1 4286 0.07 002 20.68
Unstable 032 0.08 1284 005 001 11.96
Concentration (p.p.b.) £ SE t-value  § SE t-value

1045 002 0.002 9.39
11 003 0003 1007
0.002 4.30

Al stability categories .12 0.012
Stable 0.16 0.014
Unstable 0.05 0.011 4.28  0.01

All hydrogen sulfide data from the Thermo instrument.

of the study schools. Therefore, we consider detection of this
compound as an indicator of the presence of livestock-related air
pollution at school. Furthermore, using hourly concentrations and
wind direction we demonstrated strong spatial and temporal
associations between the size and distance of upwind livestock
facilities and H,5 concentrations. Our analysis did not account for
temporal autocorrelation between H.S5 measurements. At the
study school with the largest numbers of measurements and the
more sensitive monitor, we found that associations between H.S
and upwind weighted barn area were stronger during stable
compared with unstable atmospheric conditions. These data
provide convincing evidence that upwind livestock facilities were
the source of H,5 at the study schools.

H,5 is only one component of a complex mixture of gases and
particles emitted by livestock facilities, including over 300 VOCs and
ammonia. > >'% H,S concentrations were low outside of study
schools, but indicated the presence of livestock-related plumes. H,5
concentrations have been used as a specific marker of the complex
mixture of swine-related air pollution in studies of adult neighbors
that have found H,S to be related to repeorted hog odor,® mucous
membrane irritation and respiratory sympioms #738 stress and
anxiety,”® and increased blood pressure.*® Because of its relatively
low concentration and the co-occumrence of a large number of
other pollutants, these effects on health and quality of life cannot
be attributed to H,S per se, but rather to the complex mixture of
which H,5 is a part.

Although these studies have found harmful effects from air
poliution exposures related to industrial livestock production,
other studies have found livestock-related air pollution exposurp
to be protective, even in adults who do not live on farms.*
One study found a lower prevalence of chronic obstructive
pulmonary disease among adults living near farms, although
adults already diagnosed with COPD were more likely to experience
exacerbations™ Conflicting results may occur because of differ-
ences in livestock operation size, livestock production practices,
microblal exposures, or susceptibility of nearby populations.

Although PM,; is another component of this mixture, we did
not find it to be related to upwind weighted livestock barn area.
There are several possible explanations for this finding. PMy, is a
ubiquitous air pollutant that is not specific to livestock production.
In addition to common stationary and mobile sources, PM,, arises
from common agricultural activities incdluding tilling, planting,
fertilizing, harvesting, and burning. We did not have measures of
these sources for the present study. Furthermors, gases can persist
longer and travel farther than coarser particles.”” The average
hourly P, concentrations we observed (9.47-12.74 ug/m® across
schools) are within range of expected values in this rural area. The
closest US Environmental Protection Agency ambient air quality
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monitor reports 22 and 28 ug/m® as the annual second maximum
24 h average for 2009 and 2010 respectively.*

In this study we lacked measurements of many key variables
that contribute to H,S concentrations at schools. These include
operating schedules at individual livestock facilities {use of
ventilation fans, opening side walls, flushing liquid manure, or
removing dry manure), three-dimensional wind speed and
direction bhetween the livestock facilities and schools, presence
of barriers (like forests), and extent of oxidation of H.S into sulfur
dioxide (50,) and sulfate compounds.®® Such information would
potentially improve the modeling of H,S concentrations at schools
downwind of livestock facilities. Furthermore, we were not able to
rnonitor H,5 for extended time periods (multiple seasons at each
school), and the prominent wind directions during the study did
not correspond to the directions of higher livestock density. This is
not a reflection of the annual wind directions in the areas; rather, it
is a consequence of the time periods of monitoring.

in conclusion, we detected H,S, a signature livestock-related air
pollutant, at school sites and found it 1o be associated with
upwind livestock barn area. In the rural study area, which lacks
other point sources of H,5, this evidence shows that air pollution
from industrial livestock operations reaches nearby public schools.
H,S serves as a marker for a complex mixture of emissions from
livestock operations that may be harmful to the respiratory health
and educational experience of children who live In communities in
eastern NC. In addition, children attending these schools are
disproporticnately low-income students of color, and therefore
these exposures constitute an environmental injustice. Future
research should explore the impacts that school exposures to
livestock-related air pollutants have on health and educationa
outcomes.
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